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INTRODUCTION

Unsymmetrical dimethy]bydrazine (UDMH), and_monomethy]hydrazinev

1 and space

(MMH), have achieved special importance as high energy rocket
shuttle fuels. These coﬁpounds havz large heats of combustion, relatively
wigh densities and high specific impulses. Until recently; UDMH was
) manufactured by the catalytic hydrogenatioo of 1,1-dimethylnitrosamine
(NDMA). Studies now have shown thet NDMA is highly carcinogenicz. A |
search for a new manufacturing process has drawn attention to an earlier
publjcation by Sisler and co-workeré3 which reports. the formetion of
substituted hydrazines by the chioremination of amines.

In order to investigate the utility of the work of Sisler and co-
workers for the production of UDMH and MMH, a joint project was under-
taken by the Chemical Laboratory at the University of F]orida,‘Gainesvi11e,
Florida and the Surface weapon Center White Oak Laboratory, Silver.Spring, -
Maryland. The project was entitled "Basic Studies Relating to the Syntheses
of 1,1-Dimethylhydrazine and Monomethylhydrazine by Ch]oramfnetioo". The
project was sponsored by the AFOSﬁ, Directorate .of Chemical Research and.'
was funded from September 1, 1975 to September 30, 1979.  The reseerch was“
conducted at both of thellaboratories.: During.thefproject veriod, the pro-
gress of the research was’reported-to'the AFOSR through the progress re--
'ports and project renewal reports on a regular bas1s4 7, | |

The project ended on September 30, 1979 and this is the fina] report
on the University of Florida portion of the project. The report summarizes
the sugnificant results achieved at the University of Florida (for more

details, please see the progress reports referred to above)
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SUMMARY OF RESEARCH RESULTS

There follow short abstracts of the principie'accomp1ishments‘of the"
subject grant. In the appendices are complete presentations in'the form .

of joﬁrna] articles published, submitted for publication or prepared for

.publication and shortly to be submitted.

1. Chloramination of'DimethyIamine and |,1-Dimethylhydrazine.

The chloramination of dimethylamine in a solution of KOH in g;butaanf
was carried out in‘the presence,of'NH3 at room temperéture. The major |
products were 1,1-dimethylhydrazine, the dimethy]hydrazbne of forma]dehydé;
and 1,1,4,4-tetramethyl-2-tetrazene. The yield of the hydrazine'approximafed
30% based on the chloramine used. 1,1-Dimethylhydrazine was feacted with;;
ammonia-free ch1oramine.in ether.solution. The products iﬁé1uded CH4, 1
NZ’ the dimethylhydrazone of foﬁa]dehyde, and 1,1,4,4-tetramethyl-2-tetra- |
zene. The oxidation of i,l-dimethylhydra;ine with Hg0, and wfth'Agzo in
ether, aqueous, and alkaline solutions was carried out. Mechanisms for

the formation of the various oxidation products are proposed.

2. Chloramination of Tr%methy]hydrazihe.

The reactionlof chloramine wfth trimethylhydrazine, (CH3)2NNH(CH3);

has been investigated. The principal product formed when this reaction .is

‘carried out in ether is the dimethylhydrazone of formaldehyde,'(CH ) NN==CH2

" The absence of 1, 2 2- tr1methy1tr1azanium chioride, the expected product,

is exp]a1ned in terms of the weaker nucleophilicity of tr1methy1hydraz1ne




compared to that of 1,1-dimethylhydrazine, which reacts with chloramine to
form 2 Z-d{methyltriazanium ch]oride, LCH3)2N+(NHZ) 761' The principal

product of the ch1oram1nat1on of trimethylhydrazine, when the react1on is

carried out in acetonitrile, is 2,2-dimethyltriazanium chloride. Mechan1sms

are proposed for the chloraminations in both solvents. “Chloraminations of
dimethy]hydrazone of fornaldehyde and of tetramethyl-2-tetrazene,

(CH ) NN = NN{CH )2, carried out for purposes of compar1son, also resulted
in format1on of some 2,2-dimethyltriazanium chloride. Attempts to syn-
thesize 1,1,2-tria1ky1tfiazanium ch]ofides by reaction of 2,2-dimethyi-
triazanidm chjoride;with alkyl halides were ynsucces&ful, resulting either
in no reaction or in the formation of 2,2;dimethy1triazanium jodide. A
nechanisms for the formation of 2,2-dimethy1triazadium chloride by the

chloramination of trimethylhydrazine is proposedu

‘3. Pyrolysis_and Hydrolysis of 2,2-Dimethyltriazanium Chloride.

- The purification, hydrb1y§is;,and pyrolysis of 2,2-dimethy1triazahium
~ chloride are'déscfibed. The‘ges chromatography data indicate that the .
dyfp]ysis products‘in aAheiium‘atmosphere aréfNH4CI, “2 (CHs)ZNN=CH2,

and small anounts of (CH3) MM, and (CH) MN=NN(CHg),. Under vacuum, with

or without solid NaOH, the products are NH461 N . (Cﬂa)zNN-CHZ, and trace
amounts of (CH3) NN= NN(CH3)2 but no (CH3) NNH The ultraviolet spectros-

copy data for the hydrolysate of (CH3) N(NHZ)ZCI in 0.5-2.0 N KOH solution

indicate that (CH3) NN= CH2 is the major product The value of A. r
'(CH3)2NV CH2 is pH dependent and sh1fts toward shorter'wavelengths with
increased pH. "The rate of formatlon of (CH3)2NN=€H2 follows ayprox1mate1y

ey




first-order kinetics with respect to (CHQ)ZN(NH2)2C1. The mechanisms for
the formation of various pyrolysis and hydro]ysis products of (C 3)ZN("JHZ)ZC]
are discussed. The melting point of (CH3) V(1H2)2C1 has been corrected;

the new value is 124 C with decompos1t1or

4. Qxidation of 1,1-Dimethylhydrazine. and Monomethy]hydrazine by Oxygen.-

* The study of the oxidation ofll,l-dimethy1hydrazine in solutions in -

diethyl ether or cyclohexane was oarried out between 20 and 30°C. The

- principal product of this oxidation reaction under these conditions is

formaldehyde dihethyihydrazone. Aﬁong the other products identified were -
water, 1,1,4,4-tetramethy1-Z-tetraeene, nitrogen, methane, ammonia; formai-
dehyde monomethylhydrazone, sym.'hexahydroql,4-dimethy1tetrazine, and
N-dimethylnitrosamine. At least fourteen other unidentified products were
detected by gas chfomatography and mass spectral analysis. The rate of
reaction was followed by observing the change in concentration of 1,1-
dimethylhydrazine with respect to ttne.' The‘data show that the reaction

is first order with respect to the hydraz1ne and the rate constats are of
the order of 10 6I '1. The nature of the so]vent does not haVe a Iarge
effect on the reaction rate. The oxidat1on of monomethy:hydrazxde with

gaseous oxygen at or near room temperature was a]so studied and the follow-

'-1ng principal products ‘detected: methanol sym hexahydro -1,4- d1methy1tetra-

zine, water nltrogen and methane. .The. first three of these were the.

.major oxidation products in the liquid phase. A mechanisms for chis

oxidation is pkoposed.
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5. Synthesis of Monomethylhydrazine in Non-Aqueous Solvents.

Virtually no reaction takes place between chloramine and methylamine
in ether, xylene, methanol, or diglyme sc}utions. Monomethylhydrazine can,
'hcwever, be synthesized in‘'appreciable yield in various media when
chloramination is carried out in the presence of a fixed base such as
potassium hydroxide or sodium methoxide. Besides monome thylhydrazine,
.some of the oxidation products of monomethylhydrazine'are also fbrméd.
These results are explained in terms of a.possfbie mechanism involving the

chloramide ion or imine diradical.

6. Formatioh~of Dimethylmercury in the Oxidation of Monomethylhydrazine

by Mercuric Oxide.

In an attempt to prepare symmetrical dimethyl-z-tefrazene by the
oxidation of monomethylhydrazine with vellow mercuric oxide, a byproduct
hitherto unreported for mercuric oxide oxidations of methyl substituted
hydrazines, viz., the highly toxic dihethy]mercury, was obtained. It is
suspecfed that this compound.may|be formed -in the mercuric oxidé oxidations
of other methyl subétitute@ hydrazines. Reséarchgrs shouid be awaré of

the considerable hazard associated with this possibility.

7.  Reaction of Chloramine with Monomethylurea.

| Pre11m1nary investigations showed that chloramine, free of ammonia,
dassolved in ether, reacts with an aqueous solution of monomethy.urea to
y1e1d a complex mtxturg of monomeththydraz)ne and its cx1datxon products.

including the monomethylhydrazone offformaldéhyde and methanol and other

substances. 1,1-Dimethylhydrazine was also obtained. Similar results were

cbtained when an ethanol solution of ammonia-free. chioramine was allowed

it Saida A, ARG s rva,




to react with an aquaous solution of monemethylurea.
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STUDIES OF THE CHLORAMINATION OF DIMETHYLAMINE
AND 1,1-DIMETHYLHVDRAZINEL

by

Harry H. .Sisler*, Milap A. Mathur, Sampat R. Jain** and Richard Greengard

* To whom correspondence should be sent.

. ** Permanent address: Indian Institute of'Science, Bangalore, India f}
Contribution from the Department of Chemistry of the

University of Florida, Gainesville, FL 32611




Introduction
In an effort to find an alternative synthesis for 1,1-dimethyl-.
hvdrazine, the reaction of ch]oram‘nD with dimethylamine reported by Sisler

-21

et al more than two decades Jgo ~, has been the object of study in several

laboratories. Several by-products of the chloram1nat1on of drmethy]am1ne

15,22

“have veen Eeportéd including 2,2-dimethyltriazanium chloride and

1) 1 ;4 .4't8tramethy] -2-tetraZEne18323.

In addition, the research reported
herein will show that the dimethylhydrazone of “ormaldehyde is also a
>major'product. This substance has been previo sly v'epor-t:edz4 as an
oxidqtion product of 1,1-dimethylhydrazine, but had not previously béén'
reborted for th:. chloraminaticn of dimethylamine. Since the formation
of these‘by-productS'is deleterious with respeét to the use of this réaction
" as the basis for a process for the manufactiure :1g of 1 1-d1methylhydraz1ne,
it is 1mportant to miniize by- product formation. The object of this
research was to investigate in some detail the chloramination of dimethy-
amine, and particularly to determine the mechanism'for the fonmation of'
‘the dimethylhydrazone of ﬁ')rmaldehyde.

' Mgte(i‘;p; Chloramine was prepared by gas-bhasé reaction of am-
| monfaz'witﬁ'chlorine and was either collected in cold,anhydfous ether or
" was reaﬁted directly with (CH3)2NH in a ;uitable solvent. When required,
annnn{a was removed from the chloramine by péssfng the ether<al solution
of chloramine through a cofumn‘of anhydrous copper (lf) sulfate.prior to

reaction. The chloramine content of the solution was estimated efther

by addition of an aliquot portion of_the,solution to potassium fodide
solqtion in 1N acetic_acid and subsequent titration of t4he released iogine

;
&
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with standard thiosulfate solution béfcre'the experiment, or was determ%ned
by measuring the total chloride formed in the reaction at the end of the
experiment using the Volhard Method. Biméthylam‘ne was supplied by Matheson
Gas Products .and 1,1-dimethylhydrazine was oﬁtained from thefNéval Surface
Weapons Center Xhite Oak Laboratdry~ D1methy1hydraz*ne was refluxed and

distilled over KOH before use. 1,1, 4 4 Tetramethyl-z tetrazene18 23

the dimethy]bydrazone of forma]dehyde24'were prepared by methods reported

, and

in the literature. D\phenjidxazcmethane and the diphenylhydrazone of formal-

25 25. These

dehyde were prepared by methods reported in- the literature®
coinpounds were analyzed by gas chromatographic and nuclear magnetic resonance
analvses to ascertain their purity.jiThe solvents and other reagebts used
in this study were reagent orade and?Qere,dried, distﬁ]led and stored over
appropriate drying reagéntS'when desired' |
Spectra. Tne nmr spectra of COCl4 or (603}250 solutions of samples
were recorded on a Varian Model A~60#§ ﬂMR spectfometer, Tetramethylsilane
and the sodium salit of 3-trimethylsif91prooane shlfonicAacid were used
as internal standarés in the two éolveniﬁ, respectively@ The infrared
spectra of the solid samples in prés:edeEr'pelTets and liquid samples
placed between KBr plates were recorded on a Beckman IR-10 spectrometer.
Aﬁfllili' Perkin Elmer Hodel 810 and Varian Model 3700 gas chromato-
graghs equipped with thermal conductivity detectors were ugcd for the
analysés ~f the various reaction broducts. The Carbowax colums of various
length; énd internal diametérs having 16% Cafbouax + 5% KOH Qere.used for
the analysis of the liquid productﬁ and a molecular sfeve 5-B 6 ft. x 1/8"

column was used for the analysis of the gaseous reaction products. Helium




. of 13 peaks .The major components which could be readily 1dentif1ed were

was used as the carrier gas and toluene was used as the internal standard
(when.required) to relate the pea% areas to the percent of the compounds

of interest. 1,1-Dimethylhydrazine in the reaction mixture was estimated A
by titrating the solution acidified with aqueous hydrogen chloride with
0.925 1 KIO3 so]ution27. The melting points were determined on a Thomas-
Hoover capillary tube nelting point apparatus andAwere reported uncorrected.
The elemental analyses were done by Galbraith Microanalytical Laboratoriesl
in‘KnOxville Tennessee. " '

Reaqslgg‘of the\ChToraglg::emgogla w1xturg\!l§g,D1methy1am1qulgh_
Q¥Zlﬁziﬁu¥3iﬁﬁlfgﬂ‘ In a typical experiment, dimethylamine (0.5 mole)
was condensed intola reaction vessel at gry Ice-acetone temperature. To
this a precooled solution of potassium hydroxide (0.2 mole) in 150 ml. n-
butanoi was added. The exit of the reaction vessel was connected to a dry
ice-acetone eondenser and the mixture treated wtih NH2C1-ﬂH3 effluent of
the chloramine generator at room temperature forvone hour. After the
chloramination, the reaction mixture was allowved to stand at room tempera-
ture to allow volafile gases to escape . The solids formed were filtered
out and the so]ution was fractionated on a spinning band column under an

atmosphere of n. trogen The llquid disti111ng in the range 85- 90°, was

collected and examined. The gas chromatograph of the sample showed a total

- dimethylawine 1,1- dimethy]hydrazine the dimethylhydrazone of formaldehyde

water, 1.1,4,4-tetramethyl-Z-tetrazene and butanol. The proton nmr spectrum

¢
H
.

of the mixture aiso supported the presence of these componentis. The remaining

six coﬁponeots.are in minute amounts constituting a total of 1.3% of the
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Mixtufe. The actua1 amount of l,lfdimethylhxdrazine present in the dis-
tillate was estimated by employing the nmr technique. A calibration was
obtaihed by plotting the nmr intensity of the CH3-prpton signal of (CH3)2NNH2
" in n-butanol for various known solutions. Using this method, the yield of
¢ (CH3)2NNH2 was found to be about 3073 based on the chloraminé used.

The solid material was washed with ether several times and dried
undef vacuum. It gave no signal in the pfoton nmr spectrum and does not
’,f-melt up to 300°C. From the qualitative analysis it was identified as KC1.

Reaction of Chloramine with l,l-Dimethylhydrazihe. The apparatuS
e N M P N

e R ——

used in this study consisted of a two-necked, 300 ml. reaction flask, a
cold trap (Dry Ice-acetone), a source of helfum supply, and‘a gas collector.
- The reaction. flask was fitted with a magnetic stirring bar. One neck of .
: . the reaction flask was closed with a rubber sepfdm. The other neck was
| connected.through-a giass “T" to the helium supply and the cold trap.
The cold trap was then connected to the gas collector through a glass "T"
and to a de]i&ery tube. The reméining end of the glass "T" was closed with
3 rubber septum and was used aé the samplé\withdrawaI port. The entire
' apparatus (Fig. }.) wa§ flushedlwith helium gas until no nitrogen or oxygen
E was détectable by chromatographic énalysis of the gas samples withdrawh
~ through the -sample withdrawal pbft. The helium row.was_then stopped and
the reactfon'flasklwaé charged with 25.3 ﬁmo?e of l.lJGimethy1hydrazine

'in 20-m1. of ether with a hyperdermic syrinoe and 120 ml. of ether SOIthon -

containing 25.2 mmole of chioramine was added. The reaction mixture was
. stirred with a magnetic stirrer and the temperature was maintained at 20°c..

After one .hour, the total gmouht of gas collected was determined. Using
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gas chromatographic analysis, the amounts of various components of the gas
collected and the liquid in the reaction flask were found to be as follows:
1.53 mmole CH,, 3.78 mmole

1.86 mmole (CH3) NN=CH.,, 3.47 mmole 1,1,4,4-

4 NZ' 2

tetramethyl-2-tetrazene, and 0.15 mmole of (CH3)2hNH In addition, 0.15

2° :
mmole of '(CH3) N(NH2)24 C1 was f0und in the solid, leaving a solid residue
of 0.92 g. |

REEEEiEﬂthtﬁﬁfS!fiE;QXide (Yeiiow) with 1,1-Dimethylhydrazine. A'two-
necked'f]ask was used for this study and all the reactants and products
were kept under a dry nitrogen atmosphere. One neck of the flask was closed
with a rubber septum cap and a glass bulb containing Hg0 was. connected
through a tygon tube to the other neck . Solutions of (CH3)2NNH2 prepared
in ether or in cyclohexane were injected in measured quantities into the
reaction flask through the robber septum cap while the temperature was
maintained at 25°C. Small portions of yellow HgO were slowly added with
constant stirring to the sdlutions of (CH3)2NNH2._ After the addition of
the required amount of Ha0, the reaction mixture was continuously stirred
thrlughout the specified time.period. The products of these reactions '
were then 1dentif1ed and estimated by liquid- gas chromatographic analysis A
- and spectroscopic methods. The various reaction products obtained from the
(CH )ZNNHZ-HgO reaction along with the reaction conditions are listed in
Table 1. ‘ '

PR 55 S o+ oW
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TABLE I
-Product Analysis of the Reaction of 13.16 Mmole of
1,1-Dimethylhydrazine with 13.15 Mmole Mercury
Oxide (Yellow) at 25°¢. in Diethyl Ether Solution

INITIAL REACTION PER CENT PRODUCTS TMT/FOMH

©((CHy) NNHy) TIME WRS. “UDWH — THT  FOFH  RATIO
0.24  lhr. 0.0 . 970 3.0 32.3
0.26 M S5hrs.  Trace 92.3 8.7 10.5
0.13 1 18hrs.  Trace ' 54.6  35.2 . 1.6

‘o.oes M 23hrs.  Trace 25.2  44.€ 1 0.55

UDMH (CH3) VNHZ

™= (CH) Nt= NN(CH ),

L

FOMH (§H3¥§N=CH2

Oxidation of 1,1-Dimethylhydrazine with AQZO. A solution of 13.16
L ANAASIINN N N o e N N e N A “~ .

rmole of (CH3)2NNH2 in 25 hl. of diethyl ether was added to 3.05 g. (13.16

mmole) of Agéo and the reaction mixture was stirred for 30 minutes at room
temperature, At the end of this time, the reacticn products were analyzed

by gas-liquid chromatography and were found to be (CH3)2NNH2 22%,

‘ (CH3)2NN CH2 15% and (CH ) NN-N‘(CH )2 64%. -

In a separate experwment 13.16 mmole of (CH3)2NNH2 in 25 ml. of d1ethy1
ethgr_was added to 3.05 g. (13.16 mmole) of Agzo and the gaseous products

were trapped and analy;ed. The total émount pf gas obtained was 5.50

mmole confaining 0, (air impurity, Ny, and CH,.
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React1on qf Pheny]dlqgomethane with Dxmethy]d1azene Benzophenone'
hydrazone 3.87 g. (19.74 mmole)<d1sso1ved in 100 m]. of d1ethy1 ether was
treated with 5.93 g. (21.11 mmole) of Ag,0 and 2 g. of MgS0,. Within three

minutes of mixing the solution turned purple - showing tie formation

of (CéH5)2CN2. The reaction mixture was kept in a water'bath at 25°C and

stirred for 30 minutes. At the end of this period 1.0 ml. (.79 g.) of

(CH5) MNH, and 2 g. of MgS0, were added at once and then 3.35 g. (14.48
mmole) of AgZO was added in small portions over a 30 minute pefiod Gas
evo]ut1on was observed but the solut1on rema1ned purple in color and remained
so even after all the Agzo was added The sqlut;on was stirred for an
additional 14 hours more, and was then fi]tered? To the filtrate a c§1~
culated amount of C5H5COOH was added and it was sfirfed for 8 hobrs. The

purple color of solution changed to pale yelldw color. The solution was

"then concentrated and the volume was reduced to 50 ml. It was extracted

with 10% HC1 solution. The HC1 extract was tréated'qith excess of NaOH at
0°C and was extracted again with diethyl ether and over Mgs0,. The gas-
1iquid chromatographic analysis of this extract Sﬁowéd 7% (CH3)2NN=CH2 and
937 (cns)ZNN=NN(CH3)2 plus .diethyl ether. .

The residue left after the HC1 extraction was washed with 10% NaOH .
solution to remove excess of CcHoCOOH. The soiutfbn’wasvthen saturated
with'NaCI,'drieda and concentrated in vaédum'over'ﬂgso4. The paie yellow
solid recovered was washed. with NaHCO3 salution: and extracted with ’
ethyl alcohol and dried, yielding 3.54 g. of solid or 62” of the theoretlcai
yield based on (C6H5)2C=N-NH2 taken. The solid was identified by its mp.
(83.86° observed vs. 88.-89° literature) and its proton nmr spectra




s

(compared with Sadtta #12369) to be C6H5C00CH(C6H5)2. Neither in the

extract nor in tne solid was

/CGHS
MN-M=
(CH3)2J N=C

C6H5

detected. Apparently, (CH3)2ﬁ=ﬂ does not react with (CgHc),CN, to form
benzophenone dimethylhydrazone.

Reagtions of Silver Nitrate (Ag,0) with Aaueous and Alkaline Solutions
of liijgjmgthzlbygtigigg; Three different solutions of 1,1-dimethylhydra-
zine of compbsitions'(l) 3.95 g. (65.8 mmole) (tH3)2NNH2 in 100 ml. 2 M
NaOH, (2) 3.95 g. (CHy),NHiH, in 100 ml. 5 M NaOH and (3) 3.95 g. (CH3),NVH,
in 100 ml. of 10 M NaOH were prepared in water; To the solution No. 1
50 ml. of silver nitrate solution containing 11.7 g. (69.1 mmole) of Agh0,

eacd, ¢

r . :
was added and to,the solutiomsNo. 2 and 3 75 m1.féi1ver nitrate solu-

fions containing 22.4 q. (131.6'mmole) of AgNO3 was added separately. The

reaction mixtures were kept at room temperature and stirred. Two hours

of reaction time was allowed in each case; the liquids in the reaction

vessels were examined by Qas chromatography. The identities of the various

‘components were established by comparing theif're;ention times with ‘those

of the knowin' compounds and their quantities were determined by comparing

S . : porwent :
the area intergals of ;hg-various peaks with standards. The , compositions,

of these reaction mixtures are listed in Table II.

“i“ M o S "A‘ ;&‘i’w?&'h@rh-‘\' CAS e -~ et




TABLE II
Experiment No. % Compositioﬁ of Reaction Mixtures
UDMH FDMH ™T CH,0H
1. 2 M NaOH 52 17 16 15
2. 5 M NaOH 0 S 45 44
3. 10 M NaOH 0 6. 12 82

Where UDMH is (CH,),NNH,; FOMH is (CH

3)2 3)2

2 NN=CH2: and TMT is (CH3NN=NN(CH

It is 1moortant to note that increased concentration of OH  cause a
decrease in the fornat1o" of (CH3)2NN CH2 and an increased product1on of
CH30H.
Results and Discussion

The results of the present investigation clearly estéblish the syn-
thesis of (CH3)2NNH2 by the reacticn of chloramine with dimethyléminé'in non-
aqueous solvents in the presence of a fixed base. However, besides the
 formation of (CH3),NNH,, several side products are also formed of which.

the
the maJor ones are\d1methy1hydrazone of forma]dehyde an¢ ueuramethy1 -2-

tetrazene. The formation of these two products in the re’ct1on of (C}-.3)2NNH2 :

and chloramine establ1shes clearly the f;ct that these.s1de,products ob- .
tained in the reaction of dimethylamine and chloramine are indeed the |
result of the further reaction of chloramine with (CH3)2NNR2. It is
interesting to note that both these products are also observed in the

28

oxidation pf dimethylhydrazine b& gaseous oxygen  as well as by HgO.v |

7R

- ke et it e s B ot 5 0
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It is therefore probable the dimethylhydrazone of formaldehyde and tetra-
methyl-2-tetrazene are oxidation'products of (CH3)2NNH2'by chloramine. In
addition to these, however, 2,2—dim¢thy1triazanium chloride is also formed

"as a reaction product of (CH3)2NNH2 and ch]oraminels’16

In an earlier report18

from this laboratory, the fofmat?on of tetra-
nethy]-z-tetrazgne in the reaction éf (CH3)2NNH2 with ch]oram1ne was postu-
lated to occur via the formation ofdéanethy1d1az1ne rad1ca1 (' 3)2N =N,

The mechanisin of the formation of the dimethylhydrazone of formaldehyde

as an oxidation product of {CH )ZNNHZ, is still uncerta1n

Utvary and coworkers29

have suggested that the f1rst step in the
mechanism for the formation of (CH3)2NN CH2 iz the format1on of d1methy1d1a-
zene by the two-e'ectron oxidation of (CH3)2NNH2

NH2C1 + (CH3)2NNH2 — (CH3)N=N

Utvary et al further proposed the following steps for the formatipn‘of
(CH3)2NN=CH2 from dimethyldiazine

(CH3) N N —_— CHZ‘I2 + CH4‘

CHy
O, 4 (CH3 ZNN —> \ / \
. M

N,

(CHz)ZﬂN=CH2 «—
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The study by Utvary et al was carried out in diethyl ether where the

half Tife of the diazomethane is considerably greater than in alka11ne
with which

'aqueous solut1o1sA1t reacts rapidly. We have carried out our studies in

water as well as in ether and have dmonstrated that (CH3)2NN=CH2 is formed

- %n aqueous solution as well as in ether. It is therefore unlikely that

the mechanism involving diazomethanz is the correct one.

In order to test the validity of Utvary mechanism, fhe diazene was
generated from the (CH3)2NNH2 and Ag,0 reaction in presence of excess of '
diphenyldiazomethane. If the Utvary mechanism were operative, the product
arising from the trapping of the diazene with diphenyldiazomethane should
be the dihethyThydrazone of benzophenone. ‘C H
. b (CHL) DR Y (c N-C')/ 65 .o '

'CSHS

This compound was not found.

Other investigations reported in the literature cast more doubt on

30

the Utvary mechanism. Lemal et al”" synthesized the diaziridine (I) and

| subjected it to mild ox1dlz1ng condltions and isolated it unchanged.

Utvary proposed'that the intermediate (II) would be unstable towards

oxidation and therefore change to'(CH3)2NN=CHZ. This does not seem likely.

The two compounds (I and II) are similar in stfucture and if (I)~does not

undergo oxidation, the probab111ty of (11) being changed to (CH3)2NV-CH3

is not. great.

Cly—CH
3 " 2 | \\ // 3
CQNH ‘ | .
U= x . / Ny

1 ,—._n

b

B R e
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It is reasonable to believe that the first step of the reaction for

the formation of (CH3),NN=CH, from the chloramination of (CH;),NNH, is the

+=,

formation of (CH3)2NN and we have shown that the methyl groups of this
diazene are suscéptib]evto nucleophilic attack. We have generated the
diazine by reaction ‘(CH3)2NNH2 with Ag,0 and found that increasing the

concentration of hydroxide ion increases the formation of methylalcohol

(Table II) as shown by the following equatio:.

O™ CHy
/“I
\+f . 2CH,O0H + N
/."\ N=H — 3 2
TN o
OH™  CHJ~

CHy _//f/T?HB\ \ CHy
Nyt NN — NNy + NN
CH'// | CH/// CH Ny H'6{
3 13 3 3 M3
-H’l' - ‘ +H+
¢
(CH) HiN=CH, Gy * N

Since CH4 and N2 are Tormed 1n the same step the ratio CH4/N2 accord-
ing to our proposed mechanism shou1d be exactly 1. 0. Our observe.,rat1o

of CH4 to‘NZ is 0.5. It does.not, hqwever, argue against ou.‘,foposed

~‘mechanism since extra nitrogen would certainly arise from the secondary

reaction of chloramine with the other reaction products imitially formed

from the (CH3)2NNH24NH2C1 reaction.-and would reduce the observed CH4/N2

‘ratio.

“;ﬁa"w‘i’kﬁ‘.‘fﬂrﬁ.ﬂ-1490‘4‘ it e
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The reaction of chloramine with mmelhylh\drazmc (CH,;):NNH(CH ). has been mvcsnga(cd The principal product
formed when this reaction is carried out in ether is the dimethy Ihydraione of formaldehyde. (CH1):NN=CH;. The absence
of 1.2.2-trimethyltriazanium chloride. the expected product, is explained in terms of the weaker nuc:eophilicity of tri-
methylhydrazine compared to thatof I, I-dlmcxh\lh)drazmc which reacts with chloramine 1o form 2.2-dime*hyltriazanium
chioride. [(CH 1):N*(NH:)CL . The principal product of the chloramination of trimethylhydrazine, when the reaction
is carried out in acetoaitrile, is 2.2-dimethyltriazanium chioride. Mechanisms are proposed for the chloraminations in both
solvents. Chloraminations of the dimethylhydrazone of formaldehyde and of tetramethyl-2-tetrazene, (CH.).NN=NN(CH.),.
carried out for purposes of comparison, also resulted in formation of s« ne 2.2-dimethyltriazanium chloride. Attempts to
synthesize 1.1.2-trialky triazanium chlondes by veaction of 2.2-dimethyltniazanium chlonde with atkyl halides were unsuccessful.

resulting either in no reaction or in the formation of

2.2-dimethyltriazanium iodide. A mechanism for the formation of

2.2-dimethyltriazanium chloride by the chloramination of trimethythydrazine is proposed.

The chemistry of 2,2-dialkyltriazanium salts, compounds
of interest because they contain the ~N-N-N- chain and yet
are stable at ordinary temperatures, has been discussed ex-
tersively in previous publications.’” The chlorides can be most
convenicntly prepared by the reaction of chloramine with
1,1-dialkylhydrazines™® or with secondary amines.” In a

_previous paper,' in which we reported the det:rminat.on of

the crystal structure of 2,2-dimethyltriazanium chloride,
[(CH;).N(NH,),ICl, and 1.1,1-trimethylhydr: zinium chio-
ride, [(CH,);NNH,]Cl, we suggested that the stability of
2,2-dialkyltriazanium salts is a result of the qu:ucmintion of

_ the central nitrogen.

It scems reasonable to expect that 1,2.2-trialkyltriazanium
salts would similarly be stable and could be prepared by the
chloramination of trialkylhydrazines. However, Kren® isolated
2,2-dimethyltriazanium chloride instead of the expected
1.2.2-trimethyltriazanium chioride {(CH,).N(NH . }NHC-
H.)jCl from the. solid portion of the trimethylhydrazine~

" chioramination reaction mixture.

We have continued the investigation of the chloramination
of trimethylhydrazine in order to identify other products, to
formulate a reaction mechanism, and 10 determine possible
reasons for the formation of 2,2-dimethyltnazanium chloride
and the absence of 1.2,2-trimethyltriazanium chioride.

Experimental Section

Spectra. Infrared spectra of wolid sampies in pressed K Br pellets
and liquid sampies placed between KBr plates were recorded on a
Beckman IR-10 spectrometer. Nuclear magnetic resonance spectra
of CDC, or Me SO-d, wlutions of samples were recurded on 2 Varian
Model A-60A NMR spectrometer at 40 *C. Tetramethy hilane and
the sodium salt of 3-trimethyisily Ipropanesulfonc acid were used as
nternal standards in the respective siveats.

Anslyses. A Perkin-Fimer Model 820 gas chromatograph equipped
with twin 12-ft 15% Carbowax coluinns was used for gas-liquid
chromatography. An inteenal sl:md.mi was used to relate eak arcas
10 nercents of compounds of interest * Mcling posnts were determined
vn 2 Thomas-Hoover capilary tube meiting pont apparatus. Ele-
mental analvves- were done by Galbraith Mmmlvuul ubomona.
Knowville, Tenn.

Material.  Trimethythydrazine, ((N 1NNHICHL).'® tetra-

© methyl-2-tetrazene.!! (C114), \\—\\(Ul.). and the dimethyl- -
 hydrazone of formaldehvs.e.'” (CH.).NN=C .. were prepared by

methods found 1n the lictature. Prioe to ,chlonmmaum, these
compuunds were analyszed by gas - Iquid chromatography and nuclear
MAENCUC FEYONINCE SPECtrcony to ascertain that they were free of
contaminants, espectally 1,1-dimethyihydranne. Nuclear magnetic
resonance spectral peaks for products 2-d reactants in this study are
Tisted 1n Table 1.
prepared for our previous study’ was aho ysed 1n thes study. Anal.
Caled for CHNCE C 2152 H 897N, 37.62. Found:. C, 7162

A ample of *.2.-dimethytrazaniym chlonde

H. 8.96; N. 37.50. Chloramine was produced in a Sisler-Mattair
generator'® by the gas-phase reaction of ammonia and chlorine. The
rate of formation of chloramine was ca. 0.08 mol of NH,Cl/a. All |
cther reagents and solven.s were obtained from commercial sources
and were used without further purification.

Reactions on the Chloramine Gemerator. The general procedure
is given here. Details for specific reactions are listed in Table H. The
chioramine-ammonia generator cffluent was bubbled through a
solution of the reactant at room temperature. After completion of
chloramination, the reaction mixtare was allowed to stand in a flask
protected from moisture by a Dricrite-filled drying tube. After. 24
h, the solid which had formed was separated from the solution by
filtration.

. Preparation of Ammonia-Free (Ulnu-. The generator effluent
was bubbled through | L of dry ether for 2 h. The mixture was then
allowed to stand overnight after which the volume of solvent was
reduced by passing a stream of nitrogen over the solution until the
desired chlotamine concentration was obtained (ca. 0.2 M). The
chloramine concentration was determined by addition of an aliquot
of the chloramine solution 10 an acidic potassium iodide solution
followed by titration of the liberated iodine with a standard sodium
thiosulfate solution. This chioramine solution is relatively stable: it
can be stored for days without appreciadle decomposition of chlo-
famine. The last traces of ammomia were removed by pouring the
chlotamme solution through a column packed with anhydrous copper
sulfate.'?

Other Chloraminations of Trimethylhydrazine (See Table I for
Details). Trimethylhydrazine, dissolved in ether, was placed into a
nitrogen-swept three-necked flask equipped with a condenser. me--
chanical stirrer, and a pressure-cqualized dropping funncl. Ethereal
chioramine. either in ammonia-free form or in the stable solution
described above, was added dropwise with stirring. After addition
was complete. stirring was continued for 3 h after which time all of
the chloramine had reacted. The reaction:mixture was then filtered.

Resction of Ammonis-Free Chloramine with Trimethyihydrazine
in Acetenitrile. Ammonia-free chloramine (35 mmol dissolved in 130
mL of cther) was mived with 200 mL of acetonitrile in a nitrogen-swept
flask cooled in an ice bath. Trimethylhyvdrazine, 0.3 mi. (31 mmol)
in 100 ml. uof acetonitrile, was added dropwise with stirring. A white
sold began forming immediately. Stirring was continued for 2 b after
addition of trimethylhydrazine was complete; the mixture was then
allowed to stand overmight. The white sohd, collected by filtration,

- was found to consist entirely of ammonium chioride. The solvent was

removed from the filtrate under reduced pressure leaving a small
amount of an oily residue which could not be further characterized.

Identification of L.2-1imethyltriazaniom (hloride. Afler each
mixture was filtered. the sold products were washed with cther and

'dried under vacuum. Samples of from 30 10 200 mg were dissolved

in | M sulfuric acid and titrated rodumetrically'* 1o determine the
amount of triazamum salts present (1 mol of sriazanium ions onidizes

" 2 mol of idide). Ammonmum cMloride, identificd by its.infrared

spectrum, was the oaly sold product firmed in reactions where
ammonia-free siluting of chloramine were added dmpume 10 ethereal
mmﬂh,lhvdmnm
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Table L. Nuclear Magnetic Resonance Spectral Peaks of Reactants and Products of This Study

Solvent

Ratio of peak

r peak L. ppm 7 peak. 2, pom areas: 1/2

2.2-Dimcthyitriazanium chloride, Me SO, 3.23 (NH ) 641CHY) ~ T 46

[ICH ), N INH ), O ‘ i . B :
2,2-Dimethyitriazanium iodide, Me SO, 362 (NH ) 6.42(CH,) ©4/6

JECH ), NTINH )L ' - '
Dimethylhydrazone of formak ehyde, CDCli, 3.I7T(CH) 7.20(CH ; 26

(CH,),NN=CH, o .
Trimethylhydrazine. <oQ, 748 (CH» 7.62 (CHyt . - 3/6/(1R°

(CH,),NNH(CH ) T .
Tetramethyl-2-tetrazene, . CcDCl, 7.19 (CH,)

(CH,),NN=NN(CH,),
€ NH peak appears at ¢ 7.78 ppm. '

Table ll. Reaction Conditions and Ameuai's of Products Formed in Chloraminations

Amtof Amtof
reactant, NH Q.

mmol °~ mmol Solvent Products Amt of product
Trimethylhydrazine 9 259 Ether Dimethyvlhydrazone of 0.69 mol/mol of
' formaldchyde . trimethylhydrazine
2,2-Dimethyliriazanium 0.09 mol/mol of NH,C1
" . chlotide :
Trimethylhydrazine 1 6% Ether Dimethythydrazone of " @.96 mot/mol of NH Q1
formaldehyde o
Trnimethylhydrazine 23 16 - Ether Dimethylhydrazone of 0.62 mol/mol of NH,C1
formaldchyde )
Trimethylhydrazine 9 25¢ Acetonitrile 2.2-Dimethyltriazanium 0.66 mol/mol of
’ - chloride ttimethylhydrazine
Dimethylhydrazone of 23 s50° Ether 2.2-Dimelhyhtiazanium i "0.11 mol/mol of
formaldehyde * chlonde dimethythydrazone
Dimethylhydrazone of 23 s0° Acetonitniie 2.2-Dimethyltriazanium 0.09 mol/mol or
formaldehyde . c.‘hlonde dimethylhydrazone
Tetramethyl-2-tetrazene 8 25¢ Acetonitnle 2.2-Dimethyltriazanium 0.64 mol,/mol of
chloride tetramethyl-2-tetrazene

€ Generator effluent bubbled through solution of reactant. & Chloramne, in stable solution not made ammonia-free. added dropwise to
ethereal trimethythydrazine. € Ammona-{ree chloramine added dropwise to ethereal trimethythydrazine.

The solids which contained triazanium ions were extracted into
bosling 3:1 acetone:ethanol mixtures. When the solutions had covled.
cther was added 10 reprecipitate the extracted matenals which were
collecicd by filtrauon. These solids we. ¢ all identified as 2.2-di-
meth»l(mumum chloride by therr infra-ed and NMR spectra ‘and
melung points which were identical ..ith thase of an authentic sampic
of 2.2-dimethyltriazanium chioride. The nonextractable solid re-
maimng was identified as ammomum chionde.

ldentification of the Dimethy ihydrazene of Formaldehyde. After
chloramination had been compicted, ahquots of the ethereal solutrons
from the trimethylhydrazine-chloranine reactions were analyzcd by
gas-lurd chromatography to determine products present. The only
peak fourd in eack chromatogram (in addition to that of unreacted
trimethylhydrazine) appeaced at the retention time expexted for the
peak of the dimethylhydrasone of formakichyde. ‘An authentic sample -

-of the latter compound added (o these solutions caused the arca of

this peak to increase. After the solids were removed by filtration,
enough cther was distilled from each solution o reduce the volume
to ca. 10 mL, the infrared spectrum of this solution was. found to
contain a peak at. 1585 cm ' characterntic of the C~=N stretch of
the dimcthylhydrazone of formaidehyde’® and the NMR spectrum
of this solution contained peaks cunsistent with those found in the
NMR spectrum of the dimethylhydrazone of formaldehyde.

Resctions of 2,2-Dimethyltriazaniom (Mleride with Allyhtiq
Agents. 2.2-Dimethyltniazantum chlorde, 0.45 g (4.0 mmol), was
dissolved 1n 1S mL of absolute cthanol 18 a mitrogen-swept Mask
equipped with 8 magnetic stirrer and a reflux condenser. After 3 mL
of methyl sndide was added. 1he s lution was refluxed for | h. Alter
the solutwn had cooled. cther w. s added to precipitate the solid
product. Ti.. solsd was coliected by filtration and recrysailized from
3 ¥1 acetone:ethanol mixture. Anal. Calod for C:H N C, 1182,
H, 493 N, 2069 Found: C. 1183 H, 496, N, 20.69. Meltng
points: lit’ for 2.2-dimethyltriazar.um nod-de. 181 *C dex: found,
169-170 *C dec.

Under the same conditions 2.2-d methylinazanism iodide was the -

only triazanum salt obtained frum the reaction of 2,2-dimethyl
triazanmum chioride with cthyl wdide. Attempts (o react 2.2-di-

- ——

methyltriazanium chloride with cthyl bromide under the same
conditions were successful. the starting materia! was recovered
unchanged.
Res-lts and Discussion

“The principal product of all three reacuons of trimethyl-
hydrazine with chloramine in ether was the dimethylhydrazone
of formaldehyde and ammonium chloride. It is not certain
whether the small amount of 2.2-dimethyitriazanium chloride,
0.09 mcl/mol of trimethylhydrazine, formed in the reaction
fun on the generator, is a product of the chloramination of
trimethylhvdrazine or of the dimethylhydrazone of form-
aldehyde. Chloramination of the latter éompoqnd in ether also

. resulted in formation of small amounts of 2.2-dimethyltri-
. azanium chloride, 0.1t mai/mol of dimethylhydrazone. The

following mechanism is proposed for the formation of the
dnmct.xylhydram of formaldchyde from tnmiethylhydrazine:

o .

z(cu,),.\m + Nu,a-z(m,),un\' aNLA
\(u. ) CH,

_ "o

CHONN (CHINN

DA B ™
on, cn,
o S .

ACHANN -+ NH €1 = 2CIF,) NN=CH, + NH,Q1 k18

cu, <

Supland)mmid«edmso’mble because abstractions
_of amino hydrogens by chloramine are well-known. For
example, tetramethyl-2-tetrazene, also a product of the
chloramination of 1.1-dimethylhydrazine, is believed'* 10 be.
formed by the coupling of: two niolecules of (CH,);N=N




which are formed through the abstraction of the amino hy-
drogens of 1.1-dimethylhydrazine by chloramine. The transfer
shown in step 2 of a hydrogen atom from the carbon to the
adjacent nitrogen is postulated on the ability of amino radicals
to abstract hydrogen atoms from carbons. For example. it has
been shown that amino radicals abstract hydrogens from
olefins rather than adding to double bonds.** :

in contrast 10 the chloramination of trimethyhvdrazine, good .

yiclds of products of both nuclecphilic substitution (2.2-di-
methvitriazanium chioride) and hydrogen abstraction (tet-
ramethyl-2-tetrazene) can be obtained by chloramination of
L.1-dimethylhydiazine'* in ether which indicates that the two
reactions occur at comparable rates. The absence of 1,2,2-

trimethyltriazanium chloride, the expected substitution
product. is evidence that the rate of nucleophilic substitution
of trimethylhydrazine or chloramine in ether is much slower
than the rate of abstraction of the amino hydrogen. We believe
that the rate of substitution of chloramine is siower for tri-

methylhydrazine than for 1.1-dimethylhydrazine because .
trimethylhydrazine is a weaker nucleophile. Although nu-

cleophilicities of these compounds have aot been measured.
trimethylhydrazine is a weaker base than 1.1-dimethyl-
hydrazire (pK's are 6.79 and 7.44, respectively).!” Relative
basiciiy is not a reliable measure of relative nucleophilicity
in cases where a less basic atom is more polarizable thar a
more basic one or where the more basic atom is more stericailly
hindered. However, it is reasonable to assume that the greater
basicity of 1.1-dimethylhydrazine is evidénce of greater nu-
cleophilicity because polarizabilities of the two compounds are
likely to be similar and because trimethyihydrazine. the
compound with more steric crowding. is the weaker base.

Trimethylhydrazine was chloraminated in acetonitrile to
determine whether there would be changes in reaction products
if chloramination occurred in 2 mo.e polar solvent. When
trimethylhydrazine in acetonitrile was treated with the am-
monia—chloramine effluent from the generator, the major
product formed was 2,2-dimecthyltriazanium: chloride. the
amount of 2,2-dimethyltriazanium chloride produced being
much greater than when trimethvlhydrazine is chloraminated
in ether, 0.66 mol/mol of trimethylhydrazine compared with
0.09 mol/mol of trimethylhydrazine. respectively. In contrast,
the yicld of 2,2-dimethyltriazanium chloride obtained from
the chloramination of the dimethythydrazine of formaldehyde
remains cssentially unchanged regardiess of whether the di-
methyihydrazone of formaidehyde is chloraminated in ether
or in acetvatnile (0.09 mol/mol of dimethylhydrazone and 0.11
mol/mol of dimethylhydrazone, respectively).

The formation of 2.2-dimethyltriazanium chloride l'rom
trimethylhydrazine in acctontrile must procced through
formation of an intermediate product followed by reaction of
this intermediate with chloramine or, ammonia. The higher
yield of 2.2-dimethyltriazanium chioride resulting from
chloramination of trimethyllydrazine than from chlor-
" amination of the dimethylhydrazone of formaldehyde in
acetontrile implies that the intermediate is mostly, if not
entirely. a specics other than the dimethylhydrazone of form-
aldeh)de

According to Utvary," 2 2~domclhyllmnmum chioride is
also formed by the reaction'in cther of a chloramine-ammonia
mixture with tetramethyl-2-tetrazene.' In order 1o consider
the possibility that tetramethyl-2.tetrazene is the intermediate
in the chloramination of trimethylhydrazine in acetonitrile,
tetramethyl-2-te*razene in acetonitnle was chloraminated with
-the generator effluent. The amount of 2.2-dimethyitriazanium
chloride found. 0.64 mol/mol of tetramethyl-2-tetrazene, is
approximately half the amount found when tnimethyihydrazine
_is chloraminated since 2 mol of trimethythydrazine wou'd be
reqmred to form | mol of tetramethyi- 2-tetrazene. Thercfore.

S gurils CIICHIGIEIL, P UL 1D, (VUL O, EY/ 5 LU

it is reasonable to assume that the intermediate in the for-
mation of 2,2-dimethyltriazanium chloride from lnmclhxl-
hydrazine is not tetramethyl-2-tetrazene.

fn an attempt to isolate the intermediate in this reaction,
trimethylhydrazine was allowed to react with ammonia-free
chloramine in acetonitrile. No 2.2-dimethyltriazanivm chloride

_was found. The absence of 2,2-dimethyltriazanium chloride

from the ammonia-free reaction is evidence that ammonia is
necessary for the formation of 2,2-dimethyitriazanium chloride.

A feasible, although speculative, mechanism for the for-
mation of 2,2-dimethyltriazanium chloride from the chlor-
amination of trimethylhydrazine in acetonitrile in the presence
of ammonia can be postulated which involves the formation
of 1.2,2-trimethyltriazanium chloride followed by trans-
amination.

(CH,).NNHICH,) + NH,Cl = [{CH,L,NONH UNHICH DT -(4)
[¢CH,), N(NH, M NH(CH, )] Cl = NH, — [(CH,),NINH,), | C]
+CH,NH, 5)

Nucleophilic substitution followed by transamination has been
suggested as a mechanism for the formation of 2.2-di-
methyltriazanium chloride from the reaction of 2-dimethyl-
amino-1,3,2-dioxophospholane with the chloramine-ammonia
generator effluent.’”®

Reaction of 2,2-Dimethyitriazanium Chloride with -
Alkylating Agents .

We unsuccessfully attempted to prepare 1,1,2-trialkyltri-
azanium salts by alkylation of 2,2-dimethyltriazanium chloride
using methy! and ethyl bromide both at room and at elevated
temperatures. At room temperature no reaction occurred and
the 2,2-dimethyltriazanium chloride was recovered unchanged.
Refluxing an ethanolic solution of ethyl bromide and 2,2-
dimethyltriazanium chloride aiso did not effect any reaction;
refluxing 2.2-dimethyltriazanium chioride with methyl and
cthyl iodide resulted in formation of 2,2-dimethyltriazanium
iodide. This compound has been previously prepared by adding
potassnum iodide to 2 2—dlmclh}lmaumum chloride in liquid
ammonia.

The inertness of the terminal nitrogens of 2.2-dimethyl-
triazanium chioride toward alkylation by aikyl halides is also
characteristic of terminal nitrogens in quaternary hydrazinium

salts. For example. methyl iodide does not alkylate 1.1,1- -

trimethylhydraziniumiodides: no reaction occurs except under
extreme conditions where the hydrazinium salt decomposes. ™

Although the attempt to react 2.2-dimethyltriazanium
chloride with alkyl halides did not result in alkylation at the
terminal nitrogens, it did further point out the previously

“discussed' resemblence of ZZ-dnalkymlazamum salts to

1.1.1-trialkylhydrazinium salis.
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Pyrolysis and Hydrolysis of 2.2-Dimethyltriazanium Chloride
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The pu+fication. hadrolysis. and pyrolysis of 2.2-dimeths ltriazanium chloride are discussed. The gas chromatography data
indicate that the pyrolssis products in a helium atmosphere are NH,CL N, (CH,).NN=CH,, and small amounts-of
(CHNNH: and (CH:):NN=NN(CH,)s. Under vacuum. with or without solid NaOH. the products are NH,CL. N,
(CH;).NN=CH_.. and trace amounts of (CH;).NN=NNiCH,), but no (CH;1:NNH.. The ultraviolet spectroscopy data
for the hyvdrolysate of ¢CH,)-N(NH,),Clin 0.5-2.0 N KOH solution indicate that (TH,).NN=CH. is the major product. .
The value of Ap,, for (CH;), \\—CH is pH dependent and shifts toward shorter ua»clcngths with increased pH. The '
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rate of formation of (CH;). \\-—CH follows approvimately first-order kinetics with respect to (CH ), N(NH:).Cl. The
mechanisms for the format:on of various pyrolysis and hydrolysis products of (CH,).N{NH.):Cl are discussed. The melting
point of (CH;):N(NH.).Cl has been corrected: the new value is 124 °C with decomposition. ; '

lntroducnon

One potential process for the synthesis of {.1-dimethyl-
hydrazine is the liquid-phase’~’ chloramination of di-
methyvlamine. One of the by products of the chloramination
is 2.2-dimeths ltriazanium chloride.* * [(CH,).N(NH)).|Cl.
It has been shown that the latter substance is formed by the
reaction between the 1.} dlmuh\lh\drazme and chlor-
amine.!> !

‘Giordano and Sisler'® have also obtained dimethyltri-
azanium chloride by the chloramination of trimethyvlhydrazine.
Dimethyltria: .- nium chioride is reported to be stable in air and
in neutral aqueous solutions.’* 1t can be recrystallized' from
boiling ethanol. acetone. dicthyl ether. or acetonitrile. In a
recent report Giordano, Palenik. and Sisler' have shown the
structure of 2.2-dimethyltriazanium chloride to be

NHz.

CHy

' \ /
'N
/N

CHy NH2

i

analogous 19 the structure of {N(CH ) |CL

Although 2.2-dimethyitriazanium chloride is among the first
known stable atky! compounds which contain a single bonded
chain of more than two nitrogen atoms. it is an undesirable
byproduct in the synthesis of  unsymmetrical dimcthyl-
hydrazine, (CH,);NNH,, by chloramination of dimcthyl-
amine. It was, therefore, the object of this study to determine
the thermal and hydrolytic stabilities of
azanium chloride, 10 determing the various products formed
by its pyrolysis and hydrolysis, and to determine the reaction
mechanisms for the formation of the various products from
the pyrolysis or hydrolysss. This information would be useful
in optimizing the yicld of unsymmetrical dimethylhydrazine
from the chloramination of dimethylamine.

Experimental Section’

Materiah, The 2.2-dimthyhmmn'lum chioride used in this study
was prepared and purificd by provedures described in the litera-
ture. 4% Jis 'H NMR spectrum shuwed ammonium chloride as

2.2-dimethyitri-

. tetramethylsilane as an internal standard.

Cand a ﬂmm.ol cundm.muy d:tn.tof was, uscd for gas-hguid shnr

an impurity although its melting point agreed with that reported in
literature. "% [t was, therefore. further purified by dissolving 0.731
g in 30 mL of anhvdrous ethanol at room:tempearature and recrys-
tallizing it by adding an acetone-ether mixture (90 mL of acetone,
300 mL of ether) at -4 °C. The material obtained by this procedure
melted at 124 °C (with decomposition) and showed no ammonium
chloride impurity in its 'H NMR spectrumor its infrared spectrum.
The dimethylhydrazones of formaldehsde'” ((CH,);NN==CH.) and
tetramethyl-2-tetrazene’® ({(CH ). NN=NN(CH),).) were prepared
by methods found in the literature. These compounds were analyzed
by gas-liquid chromatography anl nuclear magnetic resonance
spectroscopy 10 ascertain that they were free from appreciable amounts
of contaminants. Unsymmetrical dimethyihydrazine, (CH,):NNH,,
of 95% purity was obtained from the Naval Surface Weapons Center,
White Oak Laboratory. 1t was rcfluxed and distilled!! over solid
potassium hydrovide in 21 nitrogen atmosphere before use. The product
s0 obtained invariably contained formaldehyde dimethylhydrazone.
The zmount of the h\dr.none was dcurmmcd and an approprixte
correction was applicd when it was necessary. Chloramine was
prepared by the reaction of ammonia and chlorine in a nitrogen
atmosphere in a gas phase reactor of the type described by Sisler and
Mattair.” The chloramine content was determined!! by shaking a

_measured sample with potassium iodide in 1 N acetic acid solution

and titrating the liberated ivdine with standard thiosulfate sotution,
The solvents used were dricd and distilled over appropriate dryving
agents in a nitrogen atmosphere and were stored under dry conditions.
The rcagents and the buffers were AC S reagent grade and were used
as supplied.

Spectra. Ultraviolet spectra were obtained with a Beckman DB
spectrophotometer. A hydroger: Limp was used for wavelengths less
than 340 nm and a tungsten lamp for the longer wavelengths. The

© measurements were made in matcned quartz cells (with less than 1%

of uansmittance difference). The infrared spectra of solid samples
tin prossed KBr pellcts and liquid samples placed between KBr plates)
were recorded with a Beckman IR-10 spectrometer. The 'H NMR
spectra of solutions of the samples in CDCly or Me,SO-d, were
recorded with a Varian Model A-60 A NMR spectrometer using

Anshyses. All pH measurements were made with a C ormng Model
12 Research pH mcter using an Orion Model 91-01-00 pH elevtrode
and Coleman Model 3-711 standard calomel reference eiectrode. The
pH meter was standardized by using ACS grade buffers (pH 10.00
and 6.86) immediately before use. The instrument drift was less than
0.05 pH umit/h. A Perkin-Elmer Model 810 gas shrom.uogr.nph
equipped with twin 12 ft by '/, in. £-20 Carbowax KOH 5% columns
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Pyrolysis and Hydrolysis of Dimethyitriazanmum Chionide

Table.l. Pyrolysis of [tfll.):N(Nil:):ICl between 135 and 600 C

mierface temp, ' C 100 restdue, 419
sainple we ms 43 He 1low rate. mb niin 27
restdue wi. 1.8 column temp, € fuo

finai prroly sis

temip. € interval.s ' products

135 10 no product

150 10 no product

200 10 IDMH

225 10 N,. UDMH.? FDMH.C unknown

250 10 N..UDM'. I DMH

275 10 N,. | DMH

. 300 10 N..FDMH

350 HY N.. UDMH. FDMH. unknown

400 10 N.. UDMH. | DMH

500 5 N..cther® UDMH. I DMH

600 2 no product

@ F.ther was used in the recry stallization of [1CH L), N(NH,). | CL
5 UDMH = (CH.),NNH;. €1 DMH = (CH,),NN=CH,.

matography. An internal standard was used to relate the peak areas
to the percent of compounds of interest.® Helium was used as the
carrier gas.

Pyrolysis of Dimethyltriazanium Chloride in 2 Helium Atmosphere.
For the pyrolvtic study of dimethsltriazanium chloride in a helium
atmosphere a Pyroprobe- 100 supplied by Chemical Data Systems was
used. The Pyroprobe-100 is a solid-state pyrolyzer, which essentially
consists of three major parts: the'interface. the pyroprobe. and the
electrical control system. The interface was mounted on the injector
port of the gas chromatograph column where it became an extension
of the injector port. The interface was also used as the pyroprobe
bolder. Since the carrier gas enters through the interface. the at- -
mosphere inside the interface and the column was the same, viz.,
hetium. The temperature of the interface was maintained at 100 °C.
The pyroprobe used in this study had a platinum spiral sample holder
with a probe seal and an extension cable connected to the electrical
control system. The weighed samples of dimethyitriazanium chioride
were placed in the platinum spiral on the pyroprobe. The pyroprobe
was then inserted into the interface and sealed. The sample was
allowed to stay in the interface for a minimum of 10 min to allow
the air and moisture to be purged from the interface and the column.
By use of the electrical control. the final pyrolysis temperature, the
duration of pyrolysis, and the rate of reaching the final temperatures
were adjusted as desircd. At the desired time the run button was
pressed to start the pyrolysis. The volatile pyrolysis products were
hd ' cariied into the analytical gas chromatograph column with the carrier

gas and were identified by comparing their setention times with the
retention times of the known substances.  The weights of the solid

Table Il Pyrolysis of {(CH,),N(NH,),| Cl at 350 and 400 °C
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Figure 1. Schematics of the pyroprobe gas chromatograph system.

residues that remained in the sample tube, were determined and
percentages of residue remaining were calculated. The solid residues
were shown to be NH,Cl by their infrared spectra.®' The results of
the pyrolysis, of the same sample of dimethyltriazanium chloride
between 135 and 600 °C are listed in Table | and the results of the
pyrolysis of different samples of this substance at various temperatures
are listed in Table [I.  The schematics of the pyroprobe and gas
chromatogiaph system are shown in Figure 1.

Pyrolysis of Dimethyitriazaniuay Chloride under Vacuum. Known
weights of solid 2.2-dimethyltriazanium chioride and solid NaOH
were pyrolyzed through the temperature range 100-185 °C over a
30-min period and the volatile pyrolysis products condensed in a
thoroughly degassed dry ether-toluene mixture (100 mg of toluene/ 100
mL of ether) cooled b_\ liquid nitrogen. The ether-toluene solution
of ihe pyrolysis products was then examined by gas chromatography.
The pyrolysis products were identified by comparing their retention
times with those of known substances under similar conditions. The
various products and their quantitics obtained are listed in Table HI.
A white residue remained in the reaction flask and was shown by its
infrared spectrum to be ammonium chloride’’ when no sodium

_hydroxide was used. The pressure caused by the pyroiysis products

gencrall\ dropped to haif of its original value when the products were
cooled to liquid-nitrogen temperature. Although the identities of the
noncondensable gases were not determined in these experiments, we
believe. on the basis of experimentai results on the pyrolysis of di-
methyltriazanium chloride in helium atmosphere, this gas to be
nitrogen. Some products other than formaldehyde dimethylhydrazone
and tetramethyltetrazene were detected in the gas chromatographic
analysis: the identities of these were not estoblished.

Hydrolysis of Dimethyltriazanium Chioride in Aqueous Base. For
an estimation of the amount of formaldehyde dimethylhydrazone

K

. interface temp. °C - " 100, column temp. °C. 100
e - He flow rate. mL/min - 24 '
' : -inter- |
: final val
sample residuc T wtof  temp,  times.
wt,mz wt, mg residue °C s products ' '

' ' ss 28 09 350 - 2
s6 33 - s89 350 2
4 34 B9 am 3
46 34 739 a0 S

Tabie L. Pyrolysis Products of [(CH 3.NINH ). JCl under Vacuum

‘N;. CH,. ether ® (CH ) NNH.. (C11,) NN=CH,. one unknown?
N,. ether, (Cl1,),NN —(‘ll,. and two unknawns
N,. cther; cCll,) JNNIL, L (CH ) NN=CH,. (CH,) NN=NN«CH ),. and two unknowns
N,. Cl,. cther, (Cll ),NNH,, ((‘II,),NN=LH,.(CH.) NN=NNCH,),.
and two unknowns

® § ther was used for recrystattization. 2 Oue of the unknowns in substantial amount.

- mmol of . mol of NaOH/mol of mmol of total mmol of total
' [1CH,),NINH ), | C1 {¢CH, ), NeNH,), I (CH,),NN=CH, formed (CH,),NN==NN(CH, ), formed
' 0.33 , 0 0.042 ' 0.009
0.42 . 310 0.132 : 0.002
013 - . 15.0 . ) 0.003 , trace
0.22 , 18 0.048 . 0.009
0.28 - _ 300.0 0.083 0.003
0.23 o 1.0 , T 0087 T 0030

P YT




»

 Anorganic Chemistry. Vol 18. No. 9, 1979

8

078
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Figure 2. Absorbance at wavelength 234 nm and’ ne.xr pH 13. 8 Vs,

concentration of (CH;),NN=CH..

Table IV. Hydrolysis of [(CH,),NINH,),]Clin | N KOH as
Function of [(CH,);NINH.), ](‘l Conccnlranon Determined b\ }
(50 Smclrophotmnctrv at 234 am

mmol of mmol of
[¢CH,).NINH.), |CIiL  ¢CH,),NN=CH, /L
0.30 0.05
0.60 , 012
0.90 0.14 .
1.50 0.23
3.00 0.37

Table V. Apa, of (CH,), ’\'V—CH. and [(CH, ),.\NH ), 1C
Solutions as a Fuaction ol pH

. solution pH Amax
, 0.4 £ 10°° M FDMH® in 13.90 - 230
I NKOH + 3.0 mL 5§ N NaOH o
0.4 < 10°* M FDMH in . 13.89 235
1 NKOH + 1.5 mL 5§ N NaOH .
0.4 x 10°* M FDMH in 13.75 238
1 NKOH '
4 mmol FDMH in I N 11.40 240
KOH + HCI
DMTC® in I N KOH 13.79 234
DMTCin t N KOW + HC] 13.40 1237
DMTC in | N KOH + HCI 11.28 23

% 1 DMH = (CH,),NN=CH,. ® DMTC = 111}, NiNH, ), | CL

formed in the KOH -dimethyltriazanium chloride reagtion, standard
solutions of the hydrazone in 1 N KOH solution and in water were
prepared. The pH values of these solutions were adjusted by titrating
them with 5.0 N NaOH solution to the same pH s that of the reaction
solutions. This titration viclded solutions with ultraviolet spectra closely
resembling those of the reaction mixtures. The wavelength of

maximum absorbance was consistently between 234 and 236 nm as .

in the case of the reaction «slutions. A.plot of absorbance at 234 nm
vs. hvdrazone concentration is shown in Figure 2. This plot was used

- to determine the hydrazone cuncentrations of the vanous rc.uuurr

mixtuyres.
Hydrolysis of l)unﬂhvlmaum Chioride in 1 N KOH av 2

Function of Dimethy liriazaniem ( Moride Concentration. The solutions -

of dnmeth)ltruumum chluride were prepurcd by dissolving hnown
amounts in | N KOH solution.  The various products obtained by
the ‘hydrolysis were analyzed by using a Beckman DB speciropho-
tometer and the calibration curve i Figure 2. The results are
summarized in Table V.  The only product identified was the:
hydrazone.

Hydrolysis of Dimethyltriazanium hloride in Aqueows Base—
Ultravioket Amalysis. The solutions of dimethy ltriazanium chloride
were prepared by dissolving known amounts (0.1-1.0 mg/mL) | .OH
solutions with pH values higher than 11, Reference solu' + of
unsymmetrical dimethylhydrazing and the dimethslhydraze  of
formaldehyde were prepared in the range of 2.6 X 10 ‘1042 x ¢
M. Solutions of these 1wo substances were also prepared in a pH
buffer (borate, KOy, and KOH). The solutions were unalvzed .
ultraviolet spectrophotometry (400 -2

. im Aqueous Base.

30 nm) using a Beckman Du .

Muthur, Sisler. and Morgenthaler
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Figure 3. Hydrolysis of [(CH;):N(NH,).ICH (D\ITC) in aqueous

base.
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Figure 4. Absorbance at 234 nm of [(CH,).N(NH,),]Cl solutions
of various concentrations in 1 N KOH solution vs. time after mixing.
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" Figure 8. Effect of surface area on the h\drolws of [(CH,)‘-

NONH),Cl in‘aqueous KOH solutions.

spectrophotometer. The results of the various measurements are listed
in Table V. ,
Kinetic Studies of the Hydrolysis of Dimethy ltriazanium Chiloride
The rate of formation of formaldehyde di-
methythydrazone in the solutions of dimethsitriazanium chioride in
potassium hydroxide was studied by monitoring the change in ab-
sorption of the solution at 233 nm. A I-mL aliquot of solution of
appropriate concentration was pipetted into an ultraviolet cell. Into
this cell was injected 2.0 mi. of potassium hydroxide solution of
appropriate concentriation. The micing time was less than §5. The
sample holder of the spectrophotometer was enclosed in a water jacket
and the temperature was maintained at 25 °C. The changes in
ultraviolet absorption with time at various potassium hydroxide
concentrations and at a fised concentration of the triazanium salt are «
shown in Figure 3. The final concentration of the hydrazone measured
0.5-1 h after mining was the same for all concentrations of KOH.
Similar experiments were performed with a single potassium hydroxide
soncenteation (at 1.8 N KOH) and sarious initial dimethyliriazaniym-

alanlfpd T =
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Pyrolysis and Hydrolysis of Dimethyitriazanium Chloride

chloride concentrations. These results are shown in Figure 4.

In one series of experiments half of the reaction cell was filled with
broken glass to test the effect of surface area on the rate of reaction.
The results obtained in these studics were identical within the limits
of the experimental error with those obtained in the absence of added
surface {Figure 5). The three experiments performed in 1.0 N KOH
with no broken glass yiclded lines with slopes of 0.165 £ 0.002
(arbitrary units) and the two experiments performed with added broken
glass yiclded slopes of 0.167 £ 0.01 (arbitrary units).

Hydrolysis of Dimethyltriazanium Chleride in Oxygen-Free 0.67
N KOH. The 250-mL portions of deionized water and 1.0 N KOH

were purged of dissolved oxygen by passing nitrogen gas through the -

solutions for 16 h. The two solutions were connected in series, with
the water first to saturate the nitregen and minimize the evaporation
of I N KOH solutiun. Less than 3% evaporation of the potassium
hydroxide solutior was rdserved. Several 13-mg samples of the
triazanium chloride we e weighed out and placed in a glovebag which
was purged with nitrogen for 16 h. These samples were then dissolved
in 15 mL of oxy«2n-free water and treated with 30 mL of oxygen-free
I N KOH. T'.: final concentrations of the triazanium chloride and
hydroxide ‘ons were thus 0.0030 and 0.67 M. respectively. Samples
of these = iutions were analyzed on the gas chromalograph 5,10and
60 mir after mixing. All mixing was carried out i the nitrogen
atmo-phere of the glovebag. and all samples were taken with gastight
syringes which had been preuousl) cleaned with oxygen-free water.
Ia all cases the only product observed was formaldehyde di-
methylhydrazone.

Results and Discussion

2.2-Dimethyltriazanium chloride as prepared and purified
by the procedure described in the literature'®!! contains a small
amount of NH,Cl as an impurity and melts at 134-135.5 °C.
However, by use-of 2 modified method of recrystallization,
the ammonium chloride was eliminated and thé melting point
was decreased to 124 °C. (The presence of ammonium
chloride causes the melting point of dimethyltriazanium
chloride to rise.'")

The products of the solid-state pyrolysis of the triazanium
salt under vacuum with or without NaOH as analyzed by gas
chromatography showed mainly the hvdrazone, a small
amount of tetramethyltetrazene. and trace amounts of some
unidentified products. A large amount of nitrogen gas was
also obtained. However, no dimethylhydrazine or chloramine
was detected. From the data listed in Table 1?1 it is apparent
that no simple relationship cxists either between the amount
of the triazanium salt pyrolyzed and the amount of the hy-
drazone and tetramethyltetrazene formed or between the
amount of NaOH :uken and the amount of the hydrazone and
tetrame:inyltetrazene detected. On the other hand, the py-
rolysis of the triazanium salt using the Pyroprobe-100 in a
heliim atmosphere (Tables | and I1) gave dimethylhydrazine
and tetramethyltetraz2ne in small amounts and formaldehyde
dimethylhydrazone and nitrogen gas in large amounts. Two
other unidentified products were also detected in small
amounts. On the basis of the results of these two series of

experiments, we believe that Jimethyidiazine ((CH,),*N==N )"

is former] as a result of the dissociation of {CH,),N(NH,).C!
cither in two sieps**3 (eq 1, 2) or inone step ‘eq 3). , In

(CH);:A\(NHI)zCl g ((.H;):NNH: + \H:C‘ (1)
(CH3),NNH, +

(CH,):N(NH,):Cl —= (CH,):N=N + NH.Cl (5}

cither case the dimethyldiazine produced reacts furthér to givc'
tetramethyltetrazene®® and (CH,).NN=CH,"*>*! a5 shown
by cq 4 and 5, respectively. In the pyrolyxis of the tria/anium

ACH,),N=N — (CH)NN=NN(CH)),  (4)

HCH, ) N=N — (CH);NN=CH, + CH, + N} (5
.chivride in.a helium atmosphere all the products excert-NH.Cl

NHyCl = (CH,);N==N + NH.Cl ()
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and CH, were identified in variable 2mounts. The reason CH,
was not detected is the fact that the retention times of CH,
and N, are very close to each other, methane being slower by
less than one-tenth of a minute. Chloramine is too reactive
to be detected on the gas chromatograph.

The interesting fact to note here is that no dimethvl-
hydrazine was detected when the pyrolysis of the triazanium
salt was carried out under vacuum. whereas some was found
when the pyrolysis was carried out in a helium atmosphere.
One can explain this difference in terms of the experimental
conditions in the two series of experiments. In the former series
the (CH,).NNH; and NH.Cl (if formed) by the pyrolysis
remained in the reaction zone and had a chance to react to
give NH,CL N., (CH;).NN=NN(CH)),. (CH;),NNH.. and
CH, whereas. in the latter situation, the opportunity for such
reaction was reduced since (CH;}.NNH. and NH.Cl would
be carried away from the reaction zone by the flow of helium
and separated in the gas chromatography column.

Ultraviolet absorption spectrophotometry was found to be
a satisfactory method for the quantitativs analysis of form-

.aldehyde dimethylhydrazone in aqueous solution. However,

several problemns were encountered in the use of this technique.
The absorpt.on maximum of an ayuznus solution of the pure
hydrazone is between 234 and 240 nm. Rasic solutions have
a strong absorption at 222 nm associated witli ihe sclvent.
Even at 234 to 240 nm there is some background absorption
by the solvent. Use of 1 N KOH as a reference solution in
the double-beam spectrophotometer partiall\ aileviated this
problem but the apparent wavelength of maximum absorbance
remained highly pH dependent.

The reaction mixture of dimethyltriazanium chlioride and
potassium hydroxide solutions exhibits a similar absorption
to that of the hydrazone but at a somewhat shorter wavelength

{230-233 nm). This difference is caused by a difference in-

pH of the solutions (Tzble V). It can be seen that the spectra

in the two solutions have quite similar absorption maxima at

the same pH. Particularly striking is the shift to 240 nm of
the triazanium salt-reaction solution at pH 11.25 and the shift
to the shorter wavelength (232-230 nm) of the hydrazone with
the addition of more base.

On the basis of the ultraviolet measurements of the hy-
drolysis products of dimethvltriazanium chloride and the
comparison of them with the ultraviolet absorption of various
possible products of the hydrolysis. the possibilify of tetra-
metiyltetrazene as the reaction product can be ruled out. The

- absorption spectrum of tetramethyltetrazene is rather

distinctive'® and contains two peaks—one at 248 nm and the
other at 277 nam. No such abserptions were detected in the
hydrolysis products of the triazanium sait. A weak absorbance

at 280 nm was observed when the solutions were allowed to .
. stand for a long period of time. It is not clear whether this

long wavelength ~tail™ results’ from some other absorption or
from a trace amount of tetramethyitetrazene.

The principal product of the h\drolyus of damethwltn-
azanium chloride in aqueous base is the dxmcthylhydrazone
of formaldchyde. The ultraviolet analysis, pasticularly the
similarity in pk dependence of the spectra of the hydrazone
and the reaction products .of dimethyltriazanium chloride,
supports this conclusion (Table V). In addition, the gas
chromatography analysis of the samples of the hydrolysis
preducu showed a peak with retention time 5.5 min (the
retention time of pure Lydrazone under similar conditions is

5.5 min). This is also consistent with the formation of the .

hidrazone. There was initially scme confusion as to the
identity of the product because another suspccted product,

. methanoi. has 3 similar yltrsviolet absorption and its retention

1ime un the gas chromatogriaphy (5.3 min) is close to that of
the hvdrazone. Addition of 2 quantity of methanol to the
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reaction mixture produced a new peak in the chromatograph
whereas the addition of the hyvdrazone only enhanced the
intensity of the peak which was alreads present. This also
suppori~d the identification of the reaction product as the
hydrazone.

The rate of formation of the hydrazone from the triazanium
salt was studied by monitoring the change in ultraviolet
absorbance with time. By use of Beer's law. absorbance was
taken ias proportional to the concentration of the hydrazone.
Therefore, the plots of absorbance vs. time are indicative of

‘the change in concentration f the hydrazone with time. These

resuits are shown in Figure 2. 1t can easily be seen that
increasing the concentration of the hydroxide and holding the
triazanium salt conceéntration at 1.5 X 107 M speed up the
formation of the hydrazone bt the results fit no simple kinetic
scheme. The results of similar'experiments with a constant

. potassium hydroxide concentration and [{CH,):N(NH,)-]Cl

concentrations of 3.0 X 104, 1.5 %X 10209 % 107, 0.6 X 107,
and 0.3 X 10"} M are shown in Figure 4. By usc of two
independent techniques,™ these data show the rate of formation
of the hyrazone to be approximately first'order in [(CH,).-
N(NH.)»]Cl with a pseudo-first-order rate constant of (2.8
£ 0.5) X103 57!, The addition of extra surface does not affect
the rate of reaction (Figure 6). '

From the limiting absorbances of the solution usually
obtained 0.5-1 h after mixing. one can obtain the final
concentration of formaldehyde dimethyvlhydrazone in the
reaction mixture (Table IV). In general the amount of the

*hydrazone obtained accounted for approximately 33% of the

triazanium salt initially used. The rest of the salt gives
products which were not duu,cted by ultraviolet spectroscopy
or by gas chromatography.

The only clearly identified product of the hydrolysis of
dimethyitriazanium chloride in basic aqueous solutions ob-
tained in these experiments was the dimethyvlhydrazone of
formaldehyde. There is evidence that some other unidentified
gaseous products were also formed. Utvary' has suggested
that the hydrolysis of dimethy ltriazanium chloride is a complex
process and proposed the formation of dimethylhydrazine and
dimethylamine as possible hydrolysis products. We analyzed
our reaction mixtures by both ultraviolet spectroscopy and gas
chromatography. Dimethylhyvdrazine is transparent in the
ultraviolet, but there is no difficulty in identifying it by gas
chromatography.  Hydrolysis of the triazanium salt was
performed in ovygen-free KOH solution under an oxyvgen-free
atmosphyre to .nond possible oxidation of dimethsthydyazine
by oxygem:® yet no dimethylhydrazine was detected in the

h_\drol_\m produgts Attempts to identify dimethylamine as,

a salt of picric acid were also unsuccessful. In absence pf any
external oxidizing agent. tie absence of dimithy Thydrazife and
dimethy lamine leads o the following two conclusions: |either
the hydrolysis of the trizzanium salt takes place as shown via
. . .
- - R
2CH;)HN=N —= (LH).NN=CH. + N, + CH, ()
NH*+ OH —~ NH, + H,O0 (8)

- A

Mathur, Sisler. and Morgenthaler

or it follows a path shown by ~

(CH):N(NH:).* + OH — (CH,),NN\H. + NH.OH
9)

(CHO.NNH. + NH.OH — (CH,):N=N + NH, + H.0
(1M

- In either instance the dimethvidiazine produced would be
expected to react to give™'™ the hydrazone. The observed
odor of NH; and the other gaseous products detected are
consistent with the proposed mechuanism.
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Introduction
1,1-Dimethylhydrazine ((CH3) NNH ), a component of =¢¢era1 rocket

fuels, has been most commonly manufactured by the catalytic reduction

of N-dfmethy1nitrosaminé.z Since N-dimethylnitrosamine is now known to
bé a qarcinogen3, its use as the starting material has become much less
attractive, ;nd ofher processes have been §ought. However, duriﬁg the
Astorage, transportation and routine handling of 1;1-dimethy1hy4rézjne and
during its use in the areas other than as a rocket fuel, 1,1-dimethyl-
hydrazine may be exposed to the atmosphere and can itself possib]y be
oxidized to N-dimethylinitrosamine. It %s important to obtain definitive
d?ta concerning such a possibility.

4'8, nitrogen dioxide?”

12

The oxidation of 1,1-dimethylhydrazine with air
'nitrous acidlo, hydrogen pgroxidell, bromate12’13, halogens““, and ozone
at or hear room temperature has been the object'of some study. However,
the amount of published data is small and the identities of the AXidation
products have not been clearly established. The objecfive of this study,
therefore, was to invésfigate the Sxidation of 1, 1~dinethy1hydraz§ne with
e]emental oxygen in solution under well-defined cond1t1ons to answer the
basic questlons (a) Is N-d1methy1n1trosam1ne produced by the oxidation
of 1, 1-dimethylhydraz1ne with oxygen?. (b) What are the ofher oxidation
products of tais reaction? and (¢) What are the kinetics of the ox1dation
reaction? The study of the oxidation of nonomethy]hydrazfne is also 1mo
portant, mainly from the point of view of synthesis, toxicology, po11ution,
and‘ combustion. Although monomethylhydrazine reacts readily with oxygen
in the air, this reaction has been studied only to a 1imi£ed g':c'tent.,- )
Molecular nitrogen and methane have been reported to be the majér produ_(:tﬂsv

~
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~of 'this reaction

15,16 17

. A recent report by Saunders and Larkins'’ states
that there are Seventeen products of this oxidation identified by infrared
and mass spectra. However, their report gives nc details concefning the

identification of these products.

Experimental
— s

e

Materials. 1,1-Dimethy1hydrazfne employed for this study was obtaineq
from the Rocky Mountain Arﬁena1 and monomethylhydrazine was purchased from
the Aldrich Chemical Co. :These‘hydrazines’were refl--xed and distil]éa guer
solid KOH one day before use and were stored at -4°C. The formaldehyde
1,1-dime thylhydrazone ((CH3)2NN=CH2) was always present as a minor impurity .
in dimethvihydraZine. Appfopriate corrections were applied for this ihburity
in all the calculations. 1;1,4,4—Tétramethy1-2-tetrazene11, formaldehyde

18 19

1,1-dimethylhydrazone ,'and N-dimathyinitrosamine™”, and sym. hexahydro-

20 were prepared by the procedures reported in the

1,4-dimethy1tetrézine
iitera;ure, ar.d their purities were checked by IH nmr and gas'chrdmato-
‘graphic anélyses. The solvents used in'this study were reagent grade and
were dried by refluxing'and diéti]fing them over.cé1cium hydride’, and were
stored over calcium hydride. Oxygen waé subplied by AIRCO, Inc.,,Monﬁva]e,i
New Jersey, and was used,withdut purificatioé éxcept for drying with
Drierite.

Apparatus. A combination of a YSI Model - 71A and a Sargent Ther-

monitor Temperature controller was used to control the temperature of the

reaction bath within +0.05°C. A Brinkman 1C-6 cooler was used to cool the.

bath and heaters of appropriate capaéity were used to 'héat the bath. The
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reaction vessel used in this stz)dy was a 2.45 liter flask with an inlet
“and outlet for oxygen and a sample wiihérawing port as shown in Fig. 1.
Procedure. The reaction vessel was dr'ied at 150°C for 24 hrs. The
inlet of the vessel was conne.cted to nitrogen and-loxygen sources through a
three-way stop cock, and the outlet vented to the hood. A magnetic stirring
bar was added to the vessel, and the sample withdrawing port was closed '
with a rubber septum. The vessel was placed over the magnetic stirrer in
the temperature controlled bath, and dry nitrogen was passed iﬁrough it to
expel air and moisture from the inside of the vessel. After one hour, the
ni t'rogen flush ‘was replaced by dry oxygen. The oxvgen flush ‘was stop‘ped
after 30 min. A freshly prepared solution of 1,1-dimethylhydrazine in the
desired solvernt (containing 4.00 g/1 of toluene as the internal standard)
was introduced inté the reaction vessel. The zero-time reading of Vthe'
‘hydrazine-tqluene ratio was taken on the chromatograph, and the inlet and
outlet of the reaction vessel were’ctosed'. The amount of the Gxygen was
calculated using ‘the fdeal gas law. Similar procedures were used when a
solution of monorethylhydrazine or neat hycrazines were studied as substrates.
Ana'lx'ses. A 'P‘erkih Elmer-803 gas chromatograph and a Varfan Model 3700
| g9as 'chfmtograph were used to detect and identify the varicus oxidation -
products of the hydrazines studied. The fomer'instlrumnt was equippé'd

with a differential thermal cmductfvity detector and a gas chronatographic
.12’ x 1/87x-20 M _Car}bonax 15% KOH €% on Chrom P.A.N. 30/100 mesh size B
colum. A variety of colums and df fferen!tial thermal conductivity detec-
tors were used' with the Varian instrument. Helﬂn wnas used as carrier gas
" {n both s}stems. The progress of the reaction was followed by analyzing
the reaction mixture by gas chrumatography and cm&rinq‘the gas chrom-"

tographic pesk areas of the varf-oui coupotients with that of toluene used _
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as the internal standard. The peag areas were computed by using a manual

integrator, an electronic integrator on the recorder, and by a CDS 111

'v, Data Analyzer supplied by Varian Associates. Identificatica of the various

reaction products was achieved by comparing their retention times with

those of ‘the known substances, by comparing proton nmc spectra, by infrared

. spectra, and by mass spectrometry.

Reactions of 02 with IL}-Dimethylhydrazine in Diethylether. In each

of a series of experiments, 250 ml. of 0.2 M solution of (CH3)2NNH2 con-

taining 1.0 g. toluene was reaction with 91 * 0.5 mole of'O2 at 202, 25°,
or 30°C in the reaction vessel described earlier. At 20°C, for more than
a 200 hr. period, no visible change in the'color‘ef the .caction solution

was observed. The major products identified by gas chromatograoﬁy Were

| (CH3)ZNN=CH2. CHy, and NZ' In some cases a trace arount of (CH )ZNN=NN(CH3)2

was also observed. A: 25° an¢ 30°C, the reaction solution chang gec to a
light yellow color within a period of 24 hrs. In the initial stages (48
to 78 hrs) of the reactions, mainly (CH;),MN=CH,, CH,, N, were observed
as the reactjon prodaets; howevef, as the reaction time was increased,

H,0, (CH3)2NN=NN(CH3)2, and (CH3)2NN=0 also began to be observed. The rate

" of oxidation was measured by gas chromatographié analysis comparing the

, peak areas of (CH3) NNH or (CH3)2.'N=CH2 peaks with that of toluene as a

function of time.

After the rate measurements of the (CH3)2NNH2 and Oz reaction at 25°C

“{n diethyiether. the excess ether was evaporated in vacuun. The residual

liquid was broun in color and had an irritating. disagreeable odor. This

11quid was only partially soluble in HZO. CC14, or dimethyl sulfoxide.
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(a) Proton nmr spectrum of the residual 1iqyid. The proton nmr

spectrum of the portion of the residual liquid soluble in dimethyl ga-sul-
foxide showed peaks corresponding to urreacted (CH3)2NNH2, solvent (CZHS)ZO’.
the internal standard CcH.CH,, énd the, reaction products HZO,‘(CH3)2NN=CH2,
CH,NHN=CH, and its dimer, and (CH3) ,NN=NN(CH,),. The proton nmr spectrum

of the portfon.of the liquid soluble in CC]4 showed a doub]et21 corres-
ponding to (CH3)2NNO, in addition to those observed in dimethyl ga-sulfoxide
solution, but no peak corresponding to HZO' In addition to these peaks,
thgre were several other peaks observed in both the solvents. The drigin

of some of these peaks has not yet been determined.

(b) The gas chromatogqraphic ana]ys1s of the residual liquid. A gas

chromatographic analysis of this liquid on a 10% Carbowax 20 M + 5% KOH
column at 80°C on a Varian 3730 showed 22 substances with retention times

between 0.60 min. to 69.70 mip. (Table I). By comparing the reaction tings

of these substances with ‘that of known substances, some of the substances

were shown to be (C2H5)20 (CH3)2WIH2, (CH3)2NN CHZ’ (CH3)2NN N?(CH3)2,

H,0, (CH3) NN= NN(CH3)2, 3'!HN=CH2 syn. hexahydro-1,4- d1methy1tetraz1ﬂe,
CGH CH3‘and (CH3) NNO. D1ethy1ether was the solvent and CSHSCH3 was the
internal standard used in the experinent The carbowax column is a high
polarity column for basic compounds; therefore, the substan;es having higher

reten;ion'time are .either highly polar substancés or they have higher molecu-

. lar weight§ and higher boiling pofnts.f.Particularly of interest is the

substance having a retention of 4.74 min., sincé a Similar retention tiﬁe
is observed in the oxidation products of CH3ﬂHNH2 with oxygen The identi-

ttes of the remaining substances have not yet been determined




Retention
Time (Min)
.45
.57

1.30
.79
.48
.82
.27
14

£ W N NN e

.61

.16
6.85

"o

14.45
20.74
24.62
30.59
34.07
39.40
43.35

laDje'I.
Gas Chromatographic Data of the Oxidation Products

of 1,1-Dimethylhydrazine
G.C. % Area Assignmenfs

54.88*
0.07

3

6.24 : (CH3)2NN=CH2'
0.53
0.13
~ 0.28
3.45**

3.07 CH NHN=CH2 and its
: diMer

2.37 CHYO
4.75 | (cu3)znu=ﬁu(cn ),
2.80 | .
1.73 -

' 5.78 _'. | (cH
1.09 |
2.30
6.33
1.27
0.84

3)ZNNfO

“(continued)
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45.75 , 0.01

61.91 0.00
69.70 . 0.05

*Djethylether used as solvent -
**Toluene used as internal standard

(c) The mass spectral analysis of the residual liquid. The gas

chromatograph-mass spectral analysis of the’?ésiduallliquid was done on an
AET MS-30 mass spectrometer and PYE-Unicam-104 series gas chromatograph.
A'9f x %", 3% OV 211 column was used between 100% and 250°C (programmed
for 10°/min. heating réte). The gas chromatogram of the product showed
. the presence of 21 substances. The mass spectrum of each of the sub-
stances was recorded. The upper m/e l{mit of oné of the substances was
280 and there were several substances having upper m/e limits above ;16.
This means that there aré several products hévihg molecular weights higher
than i,1,4,4-tetramethyl-2-tetrazene (m/e=116) were fofmed dﬁe to the
oxidation of.(CH3)2NNH2. On the basis of available evidence, the identities
~* of some of the oxidation products are determined or postulated. These
are listed in Table I .
o tabte L |
_ The Products of the Reaction of 1,1-Dimethylhydrazine with

Molecuiar Oxygen .

Product . _ Basis.of '  Hass Spectra Remarks
Identifi c_ation m/e values
Ny - GC ' . ; | Confirmed
CH, | GC - . x . Confirmed
My (o : . Confirmed
(continued)




Hy0
(CH3)2NN=CH2
(CH3) N

(CH3NHN=CH2

(CH3) NN=NN(CH5)

CH=NN(CH
CH ?NN///

27N

3)2

CH3

(CH3)2NNH(CH3)-

: //CH

3 ,

CH., ) ,NN=NN
(CH3), L)
N

GC, NMR
GC,,NMR
GC, NMR, MS
GC, NMR

GC

GC,'NMR, MS

MS

MS

M

74, 59, 58, 44, 43, 42, 29

116, 115, 114, 100, 73, 72,
71, 70, 59, 58, 57, 44, 43,

29

116, 72, 58, 44, et al.

114, 84, 71, 70, 58, 44, 42

74, 73, 70, 59, 58, 44, 30,

29

83, 56, 44, 42, 30, 29

130, 129, 86, 85, 84, 83,
72, 79, 53, 58, 57, 56, 43,
45,¢4,43, 82

Reaction of 02 with (CH3)2NNH, in Cyclohexane So!utions

Confirmed
Confirmed
Confirmgd

Confirmed

Confirmed

Confirmed

Postulated

Postulated

Postulated

Postulated |

In‘each of '

another series of experiments using cyc]ohexane as the solvent, 250 ml. of'

0.2 1 (CH3)2NNH2 solution containing 1.0 g. of toluene was~reacted with 91

2'0.5 mmole of 02 at 209. 25° or 30°C. The nature of the products identi-
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fied at 20° and at 255 and 30°C was similar to.those observed when the
reaction was carried out in diethylether. The change of solvent likewise
had little effect on the rate at which (CH3)2NNH2 was oxidized. The
development of vellow color was observed only when the reaction was

carried out at 25° and 30°C.

Reaction of (CH3)2§§H2 with 02 in the Absence of a Solvent. The

reaction between (CH3)2N.‘IH2 and 02 in the absence of a solvent was carried
out by allowing 3.0 g. of (CH3)2NNH2 to react with 100 ¥ 0.5 mole of dry

exygen at 25°C. The results are summarized in TablelZ.

Table 4T
Tire in min. , . Constituents of the Vapor Phase‘
0. (CH3) NNH,,
85 | Hys CHys (cu3)'2rmH2, (CH) HN=CH,
285 - Nys CHyy (CHa) NNH,, (CHy) NN=CH,
1410 | Ny» CHys (CHy) NNH,, (CHg) NN=CH,

No 1,1-dimethylnitrosamine was detected in the gas phase analysis. The
residue which was a brown 1iquid was partly soluble in dimethyl sulfoxide -

and partly in CCl4. The proton nmr spectrum (Fig. 2) of the residue soluble

. in CCT4 contained peaks characteristic of the spectrum repoftedzl_for.

(CHS)ZNN=0, whereas, the portion soluble in dimethyl sulfoxide showed nmr
peaks corresponding to unreécted’(CH3)2NNH2 and (CH3)2NN=NN(CH3)2.,
(CH3)2NN=CH2 and a small amount of H,0. The gés'chromatogram of the resi-

due in efher is shownlin Fig. 3. The presence of'HZO was further ~Zufirmed

by gas chromatographic analysis of thg extract bf the residue with methanol.

B o e BesRigals ket IR
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Reaction of (CH3)2NNH° with a Small Amount of Oxygen in a Nitrogen

Atmosphere. The reaction vessel was filled with-dry nitrogen and to it
250 m1. of 0.2 M (CH3),NNH, solution containing 1.0 ml. of toluene was.
added. Througﬁ the rubber septum cap 25 ml. (1.0 mmole} of dry oxygen

- was injected into the flask and the inlet and the outlet of the flask
were closed. The flask was kept at 25%C. The results are summarized in

Table IC

Table I

Reaction Time (minutes) : 0 220 310 350 4960
(CH3)2NNH2/(CH3)2NN=CH2 19 6 6 6 6

Apbarent]y'the amount of (CH3)2NN=CH2 formed did not shqw an increase
after 220 min. of the reaction time. Similar results were cbtained when
the solvent was changed to.cyc1ohexane.v Addition of 1 ml. water and keep-
ing the'amounts of the other compbngnts the same at 25°C did not show any
different results than those observed without wéter..

Reaction of Monomethylhvdrazine with Oxycen. The'reattion of. mono-

'nethy]hydrazine with oxygen was carried out using the véssei-(Fig.,l) and -

the procedure . described earlier. Af;er f1ﬁsthq*and filling the vessel.
with dry oxygen, 4.0 g. (86 mmole) of monomgththydrazihe waslintroduced
into thé fla}k'through the septum cap by means of a hypodermic sy}inge,

~.nd the inlet and the outlet of the flask were closed. The !iguid was

slowly stirred by a magnetic stirrer. An exothermic reaction started al- -

most irmediately. The flask.was kept cool by 1mmersing it in a water bath

at 25°C. The color of the liquid changed gradually to yellow, becoming

wine réd after two hours. After standing overnight, the solution assumed ‘

e
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é yellow color again. The oxidation products were examined at this stage
and again after three weeks by withdrawing liquid as well as gaseous
samples through the rubber septum cap.

"Gas chromatographic analysis of the gaseous mixture using a molecular
sieve column showed the presence o% oxygen, nitrogen, and methane.

Gas chromatagraphic analysis of the liquid reaction product after 24
hrs. showed (Fig. 4) the presence of ten components. The four majbr com-
ponents, constituting aboﬁt 92% of the total, were methanol, monomefhy1-
hydrazine, sym. hexahydro-l,4-dimethyltetrazine, and water (Table¥Y).

Table ¥

Gas Chromatographic Data of the Oxidation Products of MMH

Liquid Sample . .
After 24 hrs. . i ' ‘ After 3 weeks

' Rétention t%me_(min.) % Area Assignmént Retention time (min.) % Area
0.49 .74 51 B
065 .91 - s 2.96
0.78 .13 | 1.32 .26
L% . 050 | 1.51 .25
1.64 e 160 - 21
1.8 12.74 &= CH0H— 1.86 ©o a7

1. 2.60 - 1.49 o T 2 .03
3.54 2 o MHm,— 372 . .08
4.75 2185 &{CHgmn=CH,),— b7 T 15.28
5.92 372 O — 6.17 60.00

- e 55
(continuedy
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Gas Sample
Affer 8 hrs.* ,
1.41 . 24.45 ¢—0,—> 1.45 38.69
2.21 51.25 <¢— N, — - 2.29 | 48.74
PR 26.30 «—CHy — 4.23 12.57

* Separate experiment

The gas chromatographic analysis of the reaction products analyzed after
- three weeks showed no monohethyihydraziné; however, the major oxidation
products were water, methanol, and sym. hexahydro-1,4-dimethyltetrazine
constituting approximately 95% of the products. “

The proton nmr also showed the signals corresponding to these three
products. The spectrum at higher amplification was very complicated,

indicating the presence of several other minor products.

Results and Discussion

Kiﬂggiqgiyijggzggys)2NN52192 Reaction. The rate of the reacfion of
'l,l-dimgthylhydraziﬁe with oxygen in this study can be expressed by the
equation ' '

df CH.,,) ,NNH d(O) - A
E 3d12: 2. tz. gLUCTPLLY R OV

Rate = -

If g_is the initial molar concentration of (CHi}ZNN”Z and a - x is its

concentration at any given reaction time t in the sojveﬁt medium, then
d({cHg) Min,] e an | ,
— < ka- ") (2)

Concentrations were determined by gas chromatography hsing toluene as an

~internal standard since toluene does not enter into the czidation reaction.

LY

o
s

@

3

&4 Y j,-.y‘,m—:; = - G

3 X
L%,
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The value of a - X can then be determined by comparing the peak areas of
(CH3)2NNH and of to]uene on the gas chromatograph. The initial concen-
‘tration of 02 gas in fhe reaction system was calculated by u.. of the gas
law expression, but its concentrat1qn at other times was not determ%ned.
The total order of the reaction, however, was.determined by Powm:er"culr-vesz2
in which (a - x was plotted against 1In t. These plots (Fig. 5) revealed
that the total order of the (CH3)2NNH2602‘reaction is equal to one. Urry
et a1d, studying the reaction of 0, (air) with (CH;),NNH, in the gas phase,
, suggested that the reaction undef those circumstances is zero order with
respect.tb Oz.and firsf'order with respect to (CHj),NNH,. If it is assumed
that these same‘orders obtain for the reaction in solution, then equation
(2) may be written

dj (CH,),NNH
_’.r<_ 33% d = kla-x @

where k' is the first order rate constant, a p1ot of 1n (a - x) vs. t should
| yield a straight line. Such p]ots based on our data are shown for various |
" temperatures and initial concentrat1ons do 1ndeed give stralght 11nes as
the plots for the reactxon at 30°C in d1ethy1ether and in cyclohexane shown
" in Fig. 6 exemplify. The first order rate constants at 20°, 259, and 30°C
in diethylether and in cyclohexane were qalcuiated from the equation
In (a - x) ,
k' 2 - B

These values are listed in Table IL Using an Arrhenius plot (In k' vs. %' s

the activation energies for.the reaction jh ether and in cyclohexane were

found to be the same within experimental error, viz. 130 k-J mo]e'l.

e
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Pro@uct{_pf the Reaction (C ) NJH2 and 0,. Mechanistic Considera-
9925193r3t1ons The react1on prodJcts of the ox1dat1on of 1,1-dimethyl-
hydrazine with elenental oxygen obtained in this study number more than
twenty. In the following discussion, "percent of total” figures are based
on area measurements of peaks on gas chromatographs.

The major gaseous products of the react1on are N2’ CH4, and NH3 The
naJor 1iquid products in the reaction mixture are the d1nethy1hydrazone of
formaldehyde, (CH3)2NN-CH2, 1,4-tetramgthy]tetrazene, (CH3)2NN—NN(CH3)2,
dimethylnitrosamine (CH3)2NNO, the monomethylhydrazone of formaldehyde,

CH3NHN=CH2 and its dimer, sym. hexahydro-1,4-dimethyltetrazine

VAN

H-y l;l-CH3

HC-N N

\ e/

2
as shown in Table 1. Some of the additional products formed in lesser
quantity are dvscussed below.

As shown above the react1on of (CHa)ZNVH2 with elemental oxygen in
daethylether and in CJclohexane is f1rst order in the hydrazine and probably
Zéro order with respect to 02. Simx1ar kinetics have been ‘observed for the
oxidatwon of phenylhydrazone;z3 and for.1.1~dimethy1hydrézine in the gas
phase®. | | T

The first steplin‘thevrééctiom of 0, with (CH3§2NNH2 is'probabiy the
formation of dimethyldiazene ((CH3)2;=§.. It has_beén suggested that the
inftia! step_in‘this formation is the formation of the hydroperoxide of

6,7

the hydrazine by oxygen molecule insertion”® between the N and H atoms

of the N-H bond followed by breakdown into radicals -’
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H A
C(CH) NN+ 0, = (CHR) NN
32N 2 32
H 0-0H
R ' J o1

H
- .
(CHq) ,N-N- + -00H
I11 v
The chain could then be propagated by IV attacking another moiecule of
the hydrazine to generate more of III
H - ’ ' H
- b 00— (R NN+
3 2'. \ 327 - 272
Ho

(CH

III can also react with O2 to form‘V
H

H

N .

(CH3)2N-N° + 02 - (CH3)2N—|\\
v .

0-0-

V can then react with more of IlI to form the diazene and more II

H CH ' . H
/ I / b 1 +_\. ' /
(CH) =N + (CH3)2N-N\\‘ —> (g« (e ]
- N0-0- " 00H

V1 It
a B H .
- Urry et a16-have suggested that HO- and (CH3)2N-N’/’ .
) o o AN
4 0
are also formed by the decomposition of I].:
. An alternate route for the formation of the diazene (VI from II) would
be by the following heterolytic process: '
H o+
g ‘/ i SN -
.(CH3)2N N- ,;T——ﬁ (CH3)ZN N~! + OOH

" "0-0H :
I ' : vII

L
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+ -
+ -
(CH ) NN-H + OOW 7 (CH3) N=R + H,0,
Vi

However, the values of the rate constant for this reaction were the same

- in diethylether and in cyclohexane. This fact would not support the pbstu-

lation of an ionic mechanism, since the greater polarity of the ether should

favor an ionic mechanism. However, the difference in the polarities of

‘diethylether and cyclohexane is not great enough to make this inference

conclusive.

If we assume the formation of 1,1-dimethyldiazene (VI) as the first
step in the oxidation, the formation of varibus observed and inferred pro-
ducts can be explained. The formation of (CH )ZNN CH2 can be exp]ained

as previously reported by Sisler et a]lb

‘ / \ig
cn3\.; Y CHy , CHy . _
NeN 4 N — NeN [T+ CHNN
e cu/ .cu/ |
3 I 3 i IX .
(cu3)2.~m=cuz_ + CH N=NH
X

o N |
' CH3N'NH 3. CH37=N -rf>‘ CHy .+ "2

H
¢ XI

The kinetics of the formation of (CH3)2NN’CH2 appears to follow a

. combination of two reactions each second order, in (CH3)2 N-CHZ as indicated

in the plots of o vs. g.(Fig. 7), and have no direct
' ((CH3 2 N'CHZ) ' '

relationship with the consunption of . (CH3 ziVH (Fig 6) fhe fact that
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the rate of formation of'(CH3)2.\fN=CH2 is f@ster in the fnitia]lstages and

sharply decreases after about 10 hours may.bé thé result of the consumption

of (CH3)2NN CH2 by secondary reactions. | |
The formation of tetramethyltetrazene ((CH )ZNN-NN(CH ) ) c0u1d read11y

occur through the dimerization of d1nethy1d1azene (vi)

+ -
Z(CH3)2N=N — (CH3) NN= FW(CH3)

" reasonable pathway for the formation of!the.monomethylhydrazbne of

.formaldehyde and its dimer, sym. hexahydro;l,d-dimethyltetrazine would begin

H
with the reaction of two molecules of CH3V-N’(XI)
+ + -
CH3‘i =N + CH3‘i =N —-9 CH\ /CH3 -
| { N=N + HN=N
H  H H"

i T N

H

. CH cr,
3 20 .
2 .\u-uxcnz — H-i\l/ \I;l-cu3

H S CHgR N
N\, /.
ey
S | | XIv .
IHNNH > 2N, ¢ NHy

20,24,25 presence of XIII in

Both XI1I and XIV are known compounds
' the reaction prqduct is confirmed by :he_preseﬁce‘df a typical quartet in - |
| the broton nmr spectrum at 6.3 5 . The dimer is‘Copfirméd by the appropriéte

peaks in the mass spectrum. - The retention times of XIII and Klvl(ih

benzene solution) in the gas chrdmatographjc analysis arerthe same .

“’
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Other products confirmed by proton nmr and mass spectra, and by gas
chromatographic analysis include 1,1-dimethylnitrosamine ((CH3)2NNO) and
water, The formation of the nitrosamine and water can occur throuah the

decomposition of II which Urry6 has indicated might be base catalyzed.

y 4
- +
(cHg) M £B: ) (OAg M+ Bk
T OO0H 00H
II | | ‘ xv.i
- (CHy) =0
32
B:H" '
‘O =5 B: + H,0

2
Though Urry6 And Loper7 have’discussed the possibility of the formation of
the nitrosamine in the gas phase reaction .of (CH3)2NNH2 and Oé, no quanti-»
tative data concerning the extent of its formation were given. In our '
sfudies in the liquid phase, the amount: of the nitrosamine ranges betﬁeen
1.5% and 13.9% of the reaction product as measured by gas chromatography.
The ideptities of the remaining four products listed in Table '1 are
postulated on the basis of gas chromatbgfaphfc and mass spectral'ana1ysis.
Such reactiois as the frllowing may be postulated to account for the forma-

tion of some of thece products

H c\\ ”,
NWI=CH2 + 0, — 2 \n N=CH, + 2 Hy0
/ R

H C“//

He o
3 xvi - I AT




mixture.
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C=N-N(CH3)2

e -
HyC=N-N- + HNN(CH5), —> H,C=N-

AN
e 3 - CH

3 R
XVIII + Hy0
H CH H
+ - - 3
CH3/N=N ¢ N — /\N-N_/ + N,
, / . S\
CHy CHy CHy CHy
XIX |
CH ~ CH CH ' CHO
3 3 -
\NN=NN/ + 0, — 3\.'m=rm/ + H0
CH3 CHy Oy CHy
. XX

Formation of XX has been reported from the oxidation of (CH3)ZNN=NN(CH3)

by.chldramineZG. . ' . '

. / N\
2 R = wn” cH + 2H,0

\N,/ CXXI

The presence of XVIII-XXI can be inferred from the various fragment§

2

observed in the gas‘chromatograph mass spectral analysis of the reaction

Mechanism_for the CH.NHNH,-0, Reaction. The major products of the
) AN S _\"-“—ﬁ.»-\" 3 LA 2 "‘2 e g g ,

oxidation of monomethylhydrazine by gaseous oxygen have been shown in
this study to be methane, water, nitrogen, methanol,| and sym. hexahydro-

1,4=dimethyltetrazine. It is reasonablé to postulate the inicial forma-

. + - . .
tion of the diradical CH3NH=N through a pathway such as the following:
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3./ NI 3, 3\ J
b N-N + N-N~ — \N_N
/ ' . ,/ \ ..—? / L + \

The CH3NH =N intermediate may be expected to react in a manner ana1ogous
+ -

to that proposed for (CHj),N=N to give the methylhydrazone of

formaldehyde which thmdin\erizes to gym. hexahydro-l.4-dimthy1tetrazine20’25.
CH CH H

R NN 3\+ } \ o

N=N + S = N-N=CH

H' W H l'

JMNNH —> 2N, +. 2N CH

+  NH=NH

/2
: | H-N \N -CHy
H,C-N N H
3 ‘cnz/
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An alternate pathway would involve the direct iﬁteraction of O2 with the
CH§§H=ﬁ intermediate either at the methyl hydrogens to give formaldehyde
or at the C-N bond resulting in thg formation of methanol. Water and N2
would also be formed in each instance.. The farmaldehyde formed would then
react wifh monomethylhydrazine to give the méndmethylﬁydrazone of for-

maldehyde, which would dimerize as shown above.
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Figure 1. Reaction Vessel for the Oxidation Studies.
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Figure 2. Proton NMR Spectrum
1,1-Dimethylhydrazin

of the Oxidation Prodycts of
e Showing N-Dimethylnitrosamine
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Figure 3. Gas Chromatogram of the Oxidation Products of
1,1-Dimethylhydrazine in Ether
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Figure 4. Gas .Chromatogram of the Oxidation Products of Monomethylhydrazine
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Figure 5. Powe'l‘l Curves, (a - x) vs. In(time) for the Oxidation of
1,1-Dimethylhydrazine
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Figure 6. ln((CH3)2NNH2) vs. Time Plots for ((IH3)2NNH2 Oxidation at
390 C. in Diethylether (€ ) and in Cyclohexane ().
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Figure 7. Plot Showing ((CH3)2r¢N=CH2)71 vs. Time for the Formation
of Formaldehyde Dimethylhydrazone
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- Introduction -
fnterest in the synthesis of hydrazine, monomethyfhydrazine, and
1,1-dimethy1hydrazine has dereloped because of interest in tneir use as
rocket fuels. The synthetic processes for oreparing substituted hydrazines
disclosed in'the 1iterature.are,,in most instances, cumLersome; necessi-
tating as they do the separation of spbstitute hydrazines from di1ute‘
aqueous solutions. The isolation of hydrazines from an aqueous so1u£ion
requires nultiple unit operations and, therefore, is expensive.r Apart from  _
the cost, some of the processes are known to involve intermediates ‘that cre'
~ toxic and hazardous For exampie. in the'well-known nitrosoamine process
fbr the synthesis of 1, 1-dimethy]hydraz1ne N-nitrosodimethyIannne which
is an intermediate in the process has been found to be carcinogenicl. This
has resulted in the process being abandoned in the ﬁ.S.A. In the widely

2,3

used modified Raschig process”'~, the hydrazines are obtained in dilute




aqueous solution with the disadvantages associated therewith. In other

processes such as in the urea'process4 and the hydroxylamine-0-sulfuric

acid processs, the hydrazines are obtained as aqueous so1utions' ‘Alter-
native procedures for synthesizing the substItuted hydraz1nes are, there-
fore, needed. . = - S _', ’ L

6-9 which has been seriously investigated as- the

One of the react1ons
basis for an a]ternat1ve process in recent years is the chloramxnat1on

.react1on reported by S1s]er et a110 -14.
substituted hydraZInes by the react1on of gaseous chloram1ne with 11qu1d

11 12. 'However, a large

ammonia or 11qu1d-am1nes was demonstrated ear11er
‘ratio of amine to ch]oram1ne (of the order of 400: 1) has to be emp1oyed
in order to obtain acceptab1e y1e1ds Only scanty 1nformat1on is ava11ab1e

2 8 11. Most

:in the open literature on the synthes1s of monomethylhydrazzne
- often this compound has been isolated as a der1vat1ve, rather than as the
free hydraz1ne. -The actual isolation of monomethy]hydraz1ne has thus far
“not been d1scussed in the open Titerature
From the recovery point of vxew. the synthes1s of monomethylhydraz1ne'
1n nonaqueousso?vents is desirab1e In aqueous so]ut1ons, it forms hydro-
gen bonds with water ' making its isolatwon by dlst111at1on difficult. In
this paper an attempt to synthes1ze monomethy1hydrazine in nonaqueous sol-

" vents by the ch]oramination of methy1am1ne is reported

Experimental

Materials and Analyses. 'All solvents used were reagent grade.~ Mono-

methylhydrazine as obtained from Aldrich Chemicals was reflyxed over KOH

The formation of hydrazine or alkyl
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-'that'reporteo in the ltterature” .

pellets in an atmosphere of nitrogen. The fraction boiling at 87.5°C was
colIected and used for the ch1oraminatioh and other studies. Ch]oramine
was~produced by the gas phase reaction of amhonta'eno chlorine using'a
generator similar to that descr1bed by S1sler et allo. Chloramine was
produced at the rate of about 0.1 mole per “hour. Amnwonla-free ch]oram1ne
solut1ons in ether were prepared by passing the effluent gases from the

ch1oram1ne generator through ether and renov1nq the dissolved armonia by

'Apass1ng the solution through a co]umn of anhydrous copper su]fhte " The

concentrat1on of ch1oram1ne in the ether solut1on was detenm1ned 1odomet-

 rically. The hydraz1nes were determ1ned by the 1odate methodz. fhe protoni“

magnetic resonance spectra were recorded on a Varian AssociateS’A-GO-A .
spectrometer. The gas chromatographic data were obtained on a Varian model

3700 gas ;hromatograph equipped with a CDS111 data ane1yser and Soltic modeT;

T 852 integrater'reCOrder. A 5 ft Carbowax Column having the cohposition 10%

Carbowax 20M + 5% KOH on Chrom WAW, 80/100 mesh was used. Unles; otherwise
stated, the chromatographs uere obtained at the following settings;,injector
temperature, 170°C Column temperature, 80°C He fTow rate 20 ml/min..'thermalh
conduct1v1ty detecter temperature, 160°c, thermal conduct1vity current 150
mA and f11ament'temperature 189°C. A Nester/Faust spznn1ng band cqumn was -
used for fractional distillation. ’ .
' Symmetrical hexehydro-l.4-dimethy1tetrazine vas preparedls by reacting
formaldehyde with monomethylhydrazine. Its me?ting point was found to be

124-5°C (reported 122-4°C); analysis, found, C, 41.34, H, 10.41 and N, 48.23;

celcd. for (cé"GNZ)Z:C' 41,36, H, 10.41 and N, 48.28." The mass spectrum con-_'

tained a'peak at m/e, 116. The | *. nmr spectrum also matched well with
‘ " )




Reaction of the Chloramine-Ammonia Mihturgﬁgi;h_ﬂg&hx]gmine-in the
Presence of KOH. In a typical experiment, potassinm hydroxide pellets
(0.53 mole) were dissolved in 150 ml. anhycrous methanol. A solution of
methylamine in methanol was prepared by passing gaseous methylamine thnouéh'
it. The amine solution (175 ml1. 1.22 mole of CH3NH2) was transferred to
-the KOl solut1on taken ina react1on vessél prevuousTy f1ushed with nitro-
. gen. The exit of the react1on vessel was connecfed to a dry ice-acetore
condenser The inlet of the vessel was connected to the~ch10ram1ne genera-
tor and the miiture freated with the %H2C1-NH3 eff1uenf'of the Ehloramine
~ generator at room. tenperature for 105 minutes, which corresponds to the
introduction of 0.175 mole of chloramine. Dur1ng the LOUPSE of the react1on
a white solid separated and the color of the so]ut1on gradua]?y changed to
faint yel]ow After the ch]oram1nat1on the reaction mixture was allowed
to stand at room temperature to allow volatile gases to escape. The hydrazine
content of the remaining mixture was estimated at this sfage hy titrating.-
against standard (0.025 M) iodate solution. The‘fprmation'of the N-N tonded
.matenial corresponded to 0.146 mole, i.e., 83.5% yield hased_on chloramine.
Hhen»this mixture was aliowed to sfand overnight at roomutemperature, keep-
.fng the reaction vessel open to the:atmosnhere via a drying tube containing
Drierite, the:concentration of the N-N bonded material dropped tn 3-108:mo1e.
The solution was decanted. The solid~mater1a1 was washed several times
with ether and dried under vacuum. The total amount of solid material
. weighed 7.6-g. A portion of this material was crystallized by dissolving
. in water and precipitating with’ ethanol. The chlorice analysis of the




material showed it to be pure KC1 (Found, C1 47.64; calcd. 47.55%).
The methanol solution Qas fractionated_be_a.spinnjng band column which

.had been earlier.f1ushed with nitrogen; ;The liquid distilling below 65%¢C

was collected in two fractions The‘one Cblfected belew sd°c was found to
'contaln the volat11e amine and methanol. Although no monomethylnydraZIne

was p1cked up on the gas chromatograph the iodate test showed that a hydra-.
zine in trace amounts (0. 0027 no]e) was presert The second fraction (60-55°¢C)
‘was mostly methznol, but conta1ned a hydraz1ne in small amounts (. 0039'mole);
'No monomethy]hydraz1ne peak was observed on the gas chromatograpn

_When the volume of the 11qu1d in.the d15t111at1on flask was reduced

to -30 ml., the m1xture was transférred to a 100 ml: flask. After add1t1on

of fresh KOH pe]]ets (~3g. ), it was’ subaected to fract1ona1 distillation
., on a nnnx glass apparatus hav1ng a Vigreux column and distilled under a

nitrogen atﬁosphere. A11 the fractions collected between 83-113°C showed

the presence df monomethylhydrazine on the gas ;hromatograph. The major
fraction distilling befween 86-87.5°C'g;ve,the following data (Table 1).
-Retention Tme {min,) ..51 .71 .85 1.85 3.32 4.70 10.05 11.20
% Area L% 43 8 .08 €021 0.3 .03 .01
. The retention t1mes 1.85 and 3.32 min. corresponded to those of methanol
and‘monomethy1hydraz1ne. respectively. Thus, this‘fract1on‘1s free of water,
but me‘;hanel appears to codistill with monemethﬂhydra'zine The‘var'ious

fracticns when analyzed on the gas chromatograph gave the fu!1ow1na results
' (Table 2): '
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Tadle 2.
Fractfon Distilling rances | Amount Methanol M¥H H,0-Hydrazine |
| % @) (m (=5 (3
1 83-86 1 61.3  32.3 None
2 " 86-87.5 4 380 - 60.2 None
3 875105 1 - 3.0 6.0 . Nonme
4 106 3 1.0 9.0 77
5 T106-113 4 Nome  None' 95

» " The érotém nor spectrun of thé Sec;nd fraction sﬁowed only three peaks
l corresponding to £ valves of.2.50,‘3.03, and 3.98 ppm. with tetrarethylsilane
as external refgrencé. - The ;ignéls at higher.field’are the'meth}l brotoﬁ
resonances of monoﬁethy1hydrazin3‘and methanot. The NH protons.of monométhyl-
hyd}azine ard CH protons of methénoT appear as a single peék at § 3.98 ppm.

' The gas chrcratograzh of the Sth-fra:tion showed a broad peak at 2
retention tie 6.8 min. Both ther énd nﬂznﬂz when injected individually |
" or as a mixture appeared in thisltime range. Similarly, the proton nmr
spectrum of this fraction shdwed a single resanance.peak'at 5'4,67 ppm. with
-reference to tetraméthylsilane,as external standard. Therefore, it was not
, pbssiblé by‘these.techniqUes to dembﬁstraie'concIQsively the presence of
; NHZNHZ. - However, this fraétfon‘had strong reducin§ properties as shown by
" the fodate test. The amount of N-! bonded_naterial‘presenc in this fractibn
was found to be 0.014 mole. The presence of NH tH, in this fraction was
established by making the sulfate and benzaldehyde derivatives. To make
‘fﬁe sulfate derivative, a 0.5 ml. poréion of this fractiod was ;hillgd in

fce, a few drops of conc. HZSO‘ adced to it resulting in the formatibh of




a white solid, which was washed with abs. ethanol and dried under vacuum.
The solid melted with decompesition at 258-260°C The reported.melting point
of hydrazinium sulfate is 254o 16. The analysis of the solid by_the iodate
‘method showed it to,contain 21.53% N; expected fer N2H6$04 is 21.65%. To
another 0.5 ml. portion of the'fractioh a few drops of benzaldehyde we?e
added resulting in a yeIlow solid, which, when dried under vacuum, melted
‘at 89- 90 C; the ne]tlng point reported for benzalazwne is 93°C It was,
therefore concluded that the fractton dlst1111ng between 106 113°C is a
mixture of NHZ H, and water. )

By the iodate test, the pot residue (mostly solid) after disti11atvon,
was shown to contain hydrazine in snall amounts. In order to-est1mate the
amount of NHZ. 2 formed, the reSIdue was dissolved in distillad water and
the NHZ‘JH2 determ1ned by the iodate method. The total NHZNHZ»recovered
was estimated to.be 14%, the remaining 86% of the ﬁ-N'bonded material
‘being nonomethylhydraz1ne

Reaction of the Chloramine Ammonia Hixture with Methlamine in the
. A i et Nt sy, gyttt WO MM

- Presence of Sodium Methoxide. A solution pf anhydrous sodium methoxide
[ e e W i f

-(18.0 g., 0.33 hole) in'140 ml. cold, anhydrous methanol was mixed with a
" solution of 1.01 mole methylamine in 150 ml. methanol and the resulting

‘solution treated with the gaseous effluent|of the chloramine generator for. |

two hours at rpom‘;emperatufe. ‘The outgoing gases were paesed through an
‘ overhua& condenser kept at 57S°C. Reaction occurred with the formation of
| solid.haterial and an intensclyellewing of the.solution; " After standing at
room temperature for two hours, the mixture wes found py the iodate pro;'

cedure to contain 0.166 mole of N-i bonded |compounds which corresponds to




82.3% yield of hydrazines based on chloramine used.

The solid material was separated under NZ washed witﬁ ether and
dried under vacuum (Vtt 15.0 g.). Ana]ysis_shgw it to be NaCl.

Most of the lieuid was distilled on a-spihning band column. When the
volu was reduced to « 50 ml., it was transferred to a small flask and
fraet1onated under an Vz atmosphere iﬁ an a]l glass distillation apparatus:
Whereas no monomethy]hydrazlne was detected on the gas chrogatograph from
the fract10ns collected below 80°C, the fractlon co11ected between 80-112°
contalned monomethy]hydraz1ne The gas chromatagraph of this fraction
showed prominent peaks at retention times (% area) 1 8 (21.8), 3.3 (38),
4.7 (5.7), 6.4 (28.3) min. The peaks at retentmon times 1.8 and 3.3 min.
can be assigned to methanol and honomethylhydr;zine, respectivefy. " The
peak at retention time 4.7 min. can be assiéﬁed to fo}maldehyde methy]-
hydrazore or its dimer, sym-hexehydro,l,4-dimethy1tetrazine. Both these
compounds when injected individually, the Tatter.in benzene solution,‘gave
a peak at retention time 4.75 min. The broad trailing peak with ﬁaxima
at retention tire 6.4 min. wae suspected to be a multiccmponent peak, pro-
-bably resﬁlting from the presence of water and/or hydrazine and possibly
from other side produtts. Beside these, fhere Qere'at Teast four more peaks
constituting about 6% of t'.e mixture which méy result from the presence of
volatile components ~ince they appear at low retention times. :Three of
~ these peaks appea} at retention time'< 0.7 min. and were also present in
Tower boiling fractions. A small peak wifh 6niarea 0.5% appeared at a

retention time 1.6 min.
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The proton nmr spectrun of'the-80—112°C fraction gave only three pro-
.minent signals at § 2.40, 3.21'and 4.33 ppm. with tetramethylsifane as'ex-
" ternal reference and could be accounted for as resulting from monomethyl- |
h}drazine, rethanol and water, as in the casejof{the KOH reaction described
aoove. The pnesence of NHZNH2 again oould not be ascertained from the
nm} spectrum. This‘spectrum was complicateo at high:amplitude by the pre-
sence of several additiona] signa1s; 'The,formation'of fornaldehyde monome -
‘thylhydrazone pould be inferred by-tneioresence of a'tiny quartet resuItind
fnom CHzlorotons in- the range' S 6. l-o 5 pbm. It is possible, however'-,

" that the dime of forna]dehyde nononethy]hydrazone, v1z. sym. hexahydro 1,4-
dlmethy]tetra21ne is present, in which case the CH2 proton resonance ‘appears
around $i6 ppm. _ ‘

The presente of NHZNH2 in the m1xture was demonstrated by mak1ng its
sulfate der1vat1ve. A few drops of conc. HZSO4 when added'to a chilled
1 ml. sample of the mixture resulted.in the formation of a white solid,
which was washed with ethancl, On treating the solid with hot -80% ethanol,
- most of it dissolved leaving behind a small pontion which was dried under
" vacuun. 'It contained N-N bands as well as S0, and melted with decompo-

sition at 258-60°C. The reported melting point of N,H so4 §s 254916,

6

From the dissolved portion, a white crystalllne material separated on |

cooling, which was washed with absolute ethanol and dried under vacuum. It v'tr

" melted sharply at 142°C which corresponds to the reported2 melting point .

of CH NHHH, . H,S0, (182°C). | » | - |
Xt is apparent therefore, that Nuzﬂﬂz'is formed in small amounts in

this reaction, which is not surprising since armonia from the chIoramine

generator was present 1n the reaction mixture,
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.anctton of Ch]otanine with Methylamine invﬂggg§3939§q§é]xeg;gﬂigﬂtbg
Absence of a Fi&ed Base. Ih a typical reaction, methlamine (.375 mole) was
ttanSferred undef an oxygen-free nitfogen atmesphere to a flesk containing
anhydrqﬁs:ether at -78°C, fitted with'a condenser and a pressure-equalizing
funne1; Amronia-free ch]oramine_so]ﬁtidn in etherv(SOO ml., 75 mmole
ch]oramine)-was'added rapdex from the funnel te the amine‘solution which
was stirree with a'ﬁagﬁettc stirrer 'No apparent reaetion took place in
‘the ieftiaiistage - After conplete add1t1on of the chloram1ne solution, the '
) solution was brought to room temperature. A small anount of solid separated
" The so]ut1on was kept overnight.. A test samp]e of the solution showed the
preseﬁce of:NH2C1.with'en1y a verx slight change (0.134 to o.11}m614£) in
B conceﬁtratioh. It gave a negative test with 103'. Theﬂmtxture was then
ref]uxed for-Sevefa] hours. It still gave a negative test with 10, indicat-
ing no formation of N-N bonded material. The solids formed had ne oxidizing
or reducing properties and were found to be a mixture of CH3NH3C1 with a
trace of NH421.

The'rEaction was repeated in the presence_of NH3 by pas;ing the effluent
-gases'Of the chloramine generator into the amine solution; still there was
no fndftation‘of a reaction between ch16temine_and methy1amiee. The solid
 material may have been formed'by the decorpositien of some of the NH,C1.

This experiment was carried out with and without armonia using the
fbllowlng solvent systems. xylene, methano1 diglyme, a mixture of diglyme
and ether, and a mixture of nethanol and dlegme In noee of these cases
was ‘any evidence for the formation of N-N bonded compounds found as shown

by the 103 .test.
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Reaction of Chloramine with Monomethylhydrazine. 'Tﬁis reaction was
cﬁrried out under different experimental conditions to dete;mine (a) the
products of reactiorn and (b) the relative reaéiivity of ch!oramineftowafd
uethyiamine, moncmethylhydrazine, and KOH. There is no report of the reac-

tion of chloramine with monomethylhydrazi.:c in the literature.

(1) Reaction in the;p;esence of ammonia. Monomethylhydrazine (0.1"
- mole) was dissolved in 75 ml. absolute methanol, coéle¢;to 0°C,'and.tre$te¢
;ﬁth the effluent gases froﬁ the ch]oraminé'generator for one hour, keeping
an overhea& cdndense; at -78°C at the exit. Reaction occurred quickly as
shown by‘the chénge in color to light yellow. After about 20 mfn. of'ch]ora;
mination, the color was discharged. At the.end of the reaCtion, a colorless
solution was obtained wfth a white sﬁlid suépended in it. After al]&wiﬁg
the reaction to stand for two hours to allow ammonia escape, the solid material
was filtered, washed with ethar, and dried. Neither/the solution nor the
solid material, howeQer, showed rg&ucing'properties by the iodate test.
The solid material was founq to be annnnium chloride, more of which crystal-
‘Tized out of methanol when, the soluiion was distilled. The various frac-
tions of the distillate contained mixtures of armonia and metﬁaﬁql as shown
by thé gas chromatograﬁhvand'the broton nmr spectrumf.-ln the preseﬁce of
NH3, the OH protons of methanol shift upf{eld. The pot residue cantained
oﬁly methanoi.(§9.97%) as showﬁ by the gas chromatograph.. It tﬁerefore.appéars
that manometﬁylhydrazine has reacted completely, gfving NH4C1 and gaseous '
products. The 0vera11 reaction may be '

CHYHNH, & NHICL —> CHy + Ny + NH,CT

b e - —— . > - o e o m e
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(?) Reaction with ammonia-free chloramine. The reaction of chloramine

with monomethylhydrazine in the absence of ammonia was carried out using an
.excess of monomethyihydrazihe. Monqmethy]hydrazine (25 m1.) was dissolved
in 10 ml. anhydrous diethylether. The solution.was cooled to 0%C and reacted
hﬁth 50 ml. of cold, ammonia-free, ethereel solution of chloramine (0.027
'mo]es) An eiothermic reaction ensued immediate1y and a white solid formed.
The mlxture was stirred for 1 hour and the solids f11tered The ether
>solut1on was concentrated but showed no peak other than that of ether on the
‘gas chromatograph in any significant amcunt. The solution had no reduc1ng
pioperties by the 103' test. The solid material had Eeducing as well as
mild oxidizing properties. After recrysta111z1ng from acetone and drv1ng
. ender vacuum, it melted at 123-5°C. Ana1ys1s Found C, 39.08; H, 9.06;
N, 22.77; C1, 28.97.‘ Calcd. for»((CH3)2C N'NH -CHs)CT; C, 39.21; H, 8.98;
N, 22.85; C1, 28.98. The proton nmr spectrum showed threeysigna]s'for CH3e
protons at £ 2.1, 2.22 and 2.80 ppm.‘and another broad signal at very low
| field, 4 9.8? ppm.  The spectrum, apart from the low field signal, maiched.

17.' The formation of this com-

we1] with that of acetone-monomethylhydrazone
pound was confirmed}by preparing this compound by treating methy]hydrazine
hydrochioride with acetone, and comparing its proton nmr spectrum with the
- product of the chloramination reaction. "

It appears that the actual reaction product was methylhydraz1ne hydro-

chloride which was converted to acetone-methylhydrazone hydrochloride on

;ecrystallizi g from acetoﬁe. The formation of methylhydrazine hydrochloride
could be a re ult of the reaction of monomethylhydrazine with NH4C1 formed

from the deco osition of chloranine
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(3) Reaction of chloramine with a mixture of methylamine and monomethyl-

hvdrézinef This reaction was carried out in methanol to determine if chlora-
mine reacts preferentially with monomethylhydrazine in the pfesence of
methylamine. To a 0.6 moTar'sdlution pf methylamine in 80 ml. methanol,
4.5 ml. (.08 mole) monbmethy]hydrazine was  added an& the solution treat;d_
yith the effluent from the chloramine generator'for one hour. A clear solu-
tion wﬁi;h had no reducing proberty‘as_shown by the iodate test was obtained
at the énd of thg'reaction, thué showing iﬁat,ch}oramine reacts preferen-
tially with modomethy]hydrazine.' As mgntioned'in'an éarT;ef exheriment,'
chloramine does no§ react with methylaminé in the absence of a fixed base.

(4) Reaction of ammonia-free chloramine with monomethvihydrazine in the

presence of KOH. The objective of carrying out this reaction was to deter-

mine if ch]orém{ne reacts with monomethy}hydrézine in the presencé‘of a

fixed base such as KOH. KOH (.05 mole) pellets were dissolved in methanol
(25 m1.) and to this solution monomethy]hydrazine (.05 mole) was added. This
mixture was treated with an ammonia-free solution of chloramine (.05 mole} in
250 ml. ether. Tﬁis'resul;ed in the formation of a white solid and the -
501qfioh developed an intense yeliow co1or;-.Tﬁe evolgtian of'a gas was also
noticed. At the end of tha reaé;ion; the solid material was filtered and
the ether so]ution‘evapOrated in a rotary'evaporator. The color of the ether,
collected was yeilow but fades aﬁay on being exposed to the atmosphere. When
the volume of the mixture was reduced to t/'iﬂ'ml.. it was examined on the
gas chromatograph. Whereas there was no peak corresponding to monome thy1-

h&drazine in the'gas chromatograph, the solution possessed reduting properties.

Beside,ethér and methanol peaks, thg_otheb,peaks'obserVed were at retention
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times (% area), G.50 (2.3, 4.72 (1.1), 5.75 (.24), and 9.8-10.0 (2.2)‘nin.
The peak observed at 0.5 min. probably resplts from volatile substances.
The peah at 4.72 can be attributed to sym.-hexahydro,1,1-dimethy1tetrazine.
A trace of HZO is formed as shown by the peak at 5.75 min. The peak around
10 hin remains unidentified The proton nmr supported these results;
however, at high amplitude several other peaks appear .' |

It is clear that monomethy]hydrazine reacts w1*h chToramine even 1n
the presence of KOH The complexity of the reaction is ev1dent from the

appearance of coior as we]l as nmr spectrum of the mixture

It is apparent from these results that virtually no reaction takes place
between chioramine and methyiamine in the absence of a fixed base in the
solvents tried. This is in contrast to the chloraminations of ammonia and
dimethylamine which ‘are -known to occur in the absence of a fixed base in

13 ana 1, l-dimethyitriazaniun chTorideIB, respec-

solvents to give hydrazine
tively In the presence of a fixed base such as KOH or CH30Va,‘the chlor- ;
amination of methyianine takes place readiiy resuiting in the formation of
monomethylhydrazine in significant amounts. In ether solution, Audrieth

19 2150 observed no reaction between

and Diamond? and Wiberg and Schmidt
chloramine and methylamine. This 1ed Audrieth et aiz to suggest that the
pnesence of a fixed base is necessary to bring about the reaction.

It is interesting to note that whereas there is virtually no reactidn.in
between- methylamine and chloramine in the absence of a fixed base, monomethyl-

hydrazine reacts readi]y with chloramine in the absence of a fixed base
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As a matter of fact, the reaction between monomethylhydrazine and chloramine

under these conditions is h1gh1y exothern1c and complete. The preferentfa1

react1on of ch1oram1ne with monomeehy1hydraz1ne rather than methylamine in

.the absence of a fixed base was further demonstrated by the reaction of |

chloramine with a mixture of methy1amine'and monomethylhydrazine under these

conditions. The resu]t is unexpected in terms of the reTatlve bas1c1ty of

the two compounds s1nce nethy]am1ne \pKa, 10.64) is more basic than mononethyI-

'hydraz1ne (pKa, 7. 87) and might be expected to react preferent1a11y w1th

chloram1ne
. The hydro1ysis of ;hloramine in alkaline solution is weii-knoﬁnzo.
However, in the presence'of'a fixed base, monoﬁethylhydrazine reacts readily

wifh ch?ora;m’ne. The fact that‘mﬁnomethylhydrazine'can be recbvered from

- the reaction.betyeen bhloramine and methylamine in the presence of a fixed

- base suggesfsvthat chloramine reacts preferentially with the fixed base,

resulting in the formation of an intermediate which then reacts with

: methy]am1ne result1ng in the formation of monomethy]hydraz1ne In such a

'situat1on, 1t would appear that monomethylhydraz1ne could remain unreacted

as Tong as an excess of the fixed base and the amine are present.
-Considering the various mechenism§ proposed for tﬁe formation of
hydrezines; it eppeafs tﬁat a mechanism similar to that of Cahn and Powe1121
for the reaction of chloramine with ammonia in alkaline solufidhs
Ny 4+ NHCY — (‘Nzﬂscn*ﬁ’:-) NH NH, + "z° y Q1
does not account for the reaction between methylamfne and chloramine since

chloramine reacts prefereﬁtially with the fixed base.

- The preferehtial attack of chloramine on OH™ may be either the dis-

~ placement of C1° by Oﬂ' as ﬁroposedlby Anpareand'?agilzo.;

Lo I A A e
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NHC1 4 O —->.NH20H + C1
~.or abstractlon of a proton by the OH ion forﬁing-a ch1oﬁaﬁide don,

. 2 ;
' whlch then decomposes to give imine radicals as proposed by Audrieth et a]

NHC1 — (Nn) +

A NH 1o+ OH -———) NHE1™ '+ HZO

’The imine radioels react w1th the am1ne to form a Lewis acid-base complex
: wh1ch then rearranges to g1ve the hydrazme

cn3~m2 + (NH) —>. @H NHp—> N ———) CH3NHNH2

The format1on of hydrcﬁy]am1ne as a primary intermediate as proposed
by Anbar and Yag11 appears 1ess 11ke1y since the synthes1s of monomethyi-
’ hydraz1ne by the reaction of methy1am1ne w1th hydroxy1am1ne has not been
t.reported nor was it real1zed in the present study when a caustic so1ut1or
of hydroxylammonium sdlfate was reacted with methylamine. Though the work
of Drago and Sis]er23 has indicated that the mechanism proposed by Audrieth

et al does not fit the evidence for NH3-NH,C1 reaction in Aqueous OH™ solu-

tions, it does appear to us to be the mechanism of choice for the methylamine-

ch1oram1ne reaction 1n OH™ solutions.’

The results inducate no unexpected products in the methyIamine-ch]ora-
-ndne reaction in the presence of KOH. However, in the presen e of CH30Na.

sym.-hexahydro-l 4- damethy1tetrazine and water were observed as add1tuona1

products. These products are probably fni-ed by the oxidation of monomethy!s A

hydrazine produced in the reaction by Nﬂ2C1 or by atmospheric oxygen. This

24

is indicated by the reaction ¢ monomethylhydrazine with oxygen~  or with

chloramine. In both cases, the dimer of formaldehyde methyihydrazone and
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water are obtained as reaction products. In the case of the methylamine=
chloramine reaction in the presence of CH30Na in methanol, the appearance

of water in the reaction products points to aerial oxidation of the mixture

during distillation or handling.
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Appendix VI

THE FORMATION OF DIMETHYLMERCURY IN THE OXIDATION.
OF MONOMETHYLHYDRAZINE BY MERCURIC OXIDE

Sir: .
Considerations of laboratory éafety as well as chemical interest

prompt us to prepare-this brief chmunication_Ecncérning the chemistry

of monqmethy]hydraiineL We were seeking to prepére symmetrical dimethyl-2-

tetrazene by the.oxidation of monomethylhydrazine by mercuric oxide. _

E. Renouf1 had Eeported in 1880'the preparatfon of symmetrica1'tetramethyl-Z-

tetrazene by the,reaction

and it was hoped that monomethylhydrazine would reict similarly. The
reaétion was ;érriedlout in anhydrous ether and in addition to other prd-
ducts, a considerable amount of dimethylmercury wa§ obtained. To our
knowledge, dimethyimercury has not prevjously beén deteéted in the_product
of mercuric oxide Oxidations of methy]hydrazines, A description of a
typical experiment follows. . ' | |
Monomethy]hydrazine (0.25 mole) in 160 ml. of anhydrous diethylether-
 was placed in a flask under a dry nitrogen atmosphere and 0.26 mole of yellow
-vmercuric'oxide added'OVer 3,90 miﬁutelperiod with tontinyous stirring.
~The exotherm%é reactioh was‘contr611ed by constant éod1ing, keeping the
temperature below 50¢ duriné the addition of the mercuric oxide. The
reaction was stirred for a further 90 min. after thth the 1iqufd was

separated from the mercury and the remaining mercurie oxide by decantation.




The solution was analyzed in a Varian 3700 gas chromatograph using a Carbo-
wax co1uhn. In addition to the solvent and air, three peaks were observed:

two of these at retention times 5.81 and 4.83 min. can be attributed to

- co s : . .2
water and (o CH3NHN=Cn2 or its dimer, respectively .

/,CH o
H.,C-N N-H
. . 3 k i
. : « H-N . _N-CH
) CONL”
. iy

3

The thifd major compcnent was iso]atéd by drying the solution ov,er'CaSO4 for
14 hourﬁ'and evaporating it under reduced pressure, Apprqximate1y 1 ml. of
a colorless liquid whose peak on the gés cﬁromatograﬁh had an identica1
retentidn time, viz. 2.42 mfn., with the third peak of the mixture. Based
on the gas chromatograph1c analysis, this liquid contains about 97.9%
d1methy1mercury The pruton nmr of this material gave a single resonance.
at 7 =9.711in CCl4 with the tetramethylsilane as internal standard and

in agreement with that reported for dimethy1mencury3.~ Analysis: C, 11.41%;
H, 2.92%; caled. for (CHy)Hg, C, 10.40%; H, 2.612. The identif&cation of
this compOund was further confirmed by compar1ng its infrared and mass

4,5

spectra with those reported *~ for d1methy1mercury -

"The infra red sppctrum of the product conta1ned the. fo11ow1ng peaks:
2970 1900(5), 1640(w), 1400. (broad),. 1240(w), 1110-1000(m), 750(s), 520(s)
cm’l; A1l these except the 1240 peak ayree w1;h the published data for

‘dimethylmercury. The 1240 peak may result from an impurity.

N el s e Ml ke PSP




The mass spectrum of this product is in exce11ent;agreement with that

expectéd for dimethylmercury. The precisely measured masses of the parent

péaks agreed well with those calcd. for dimethylmercury as shown in Teble lﬂ

Measured Masses

2340209
232.0162
231.0158

220.0139

. 229.0133

Table 1. )
Ca]culated Masses for (CH3)2Hg
. 238.0204 |
1232.0176
231.0172
230.0153
229.0152

We are continuing to explore this and similar reactions. We recommend care

in such processes to avqid the potential danger introduced by the possibie

formation of dimethyimercury.
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